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FOREWORD 
Sour cherry is one of the special fruits for Turkey who is in the leader producer 
position in the world. The objective of this study is evaluating food matrix effect on 
phenolic compounds, anthocyanins and their antioxidant activity during sour cherry 
bioavailability. In the literature less research was performed on food matrices effect 
on bioavailability as well as sour cherry bioactive compounds. I hope this study will 
contribute to limited literature. 
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FOOD MATRIX EFFECT ON BIOAVAILABILITY OF SOUR CHERRY ITS 
PHENOLIC COMPOUNDS, ANTHOCYANINS AND THEIR ANTIOXIDANT 
ACTIVITY 
SUMMARY 
In recent years, cancer is one of the widespread disease due to free radicals and stress 
factors besides cardiovascular diseases. Phenolic compounds which are known to be 
radical scavengers gain importance among researchers and consumers. Healthy 
products are developed and attracted attention for the “High antioxidant activity”  
claims seen on labels. Sour cherry (Prunus cerasus L.) is an important fruit due to its 
high antioxidant potential and phenolic content. The major phenolic compounds of 
sour cherry are anthocyanins, flavonols and coumaric acid derivatives. These 
compounds have health promoting effect on cardiovascular diseases. However, 
limited research was found in the literature about its potential antioxidant activiy and 
phenolic compounds. Studies about formulating foods which contains high phenolic 
compounds are increasing in recent years.  
The biological effects of foods are related with their bioavailability. Bioavailability is 
described as absorption of active component of food or drug to be available for 
physical activity. For functional foods the major important factor is the 
bioavailability of compound as well as the amount of compound in the food. 
Phenolic compounds show different attitudes due to their structure, interactions and 
solubility. One of the main important subject about absorption of flavonoids in foods 
is how they are affected by food matrices with which they are digested or already 
available in the formulation. 
In literature, there is limited research on sour cherry phenolic compounds and its in 
vitro bioavailability. In vivo methods are complicated, costly, time consuming and 
causing a problem due to ethical restrictions. However, in vitro methods are cheap, 
rapid and simple in comparison with in vivo methods. The objective of this study is 
evaluating food matrix effect on bioavailability of phenolics and anthocyanins in 
sour cherry.  
Model systems were prepared which consist of either common dietary foods 
consumed daily or food components, and potential bioavailability of phenolic 
compounds and anthocyanins in sour cherry were determined. Sunflower oil, UHT 
skimmed milk, cooked lean meat, bread, skimmed yoghurt, probiotic yoghurt, apple, 
lemon, honey, soy milk, cream, soybean and sour cherry as control were the 
materials used as commonly consumed foodstuffs. On the other hand, wheat protein, 
milk protein, soy protein, fructose, galactose, glucose, salt, vitamin C, starch, cooked 
starch, vitamin E, linoleic acid, cellulose, citric acid and pectin were selected as food 
components. Total phenolic content, total anthocyanin content, antioxidant activity 
by two different methods, phenolic profiles and anthocyanin profiles by HPLC-PDA 
were analyzed to evaluate the bioavailability in sour cherry, sour cherry+foods and 
sour cherry+food components after application of in vitro digestion method. 
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Total phenolic content were determined spectrophotometrically by using Folin 
Ciocalteu method and the results were expressed as gallic acid equivalents. Total 
anthocyanin content was measured by pH differential method and the results were 
expressed as cyanidin-3-glucoside. Total antioxidant activity was analyzed by 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and 2,2-azinobis-3-
ethylbenzothiazoline-6-sulfonic acid (ABTS) radical scavenging acitivity methods.  
Sour cherry was milled under liquid nitrogen. In vitro digestion method was applied 
to evaluate potential bioavailability of sour cherry and model systems were created 
with other food materials and food compounds. Gastric and pancreatic digestion 
were performed by using enzymes and dialysis tubing was used for mimicing the 
absorption. The changes in phenolic compounds and anthocyanins were investigated 
after and before the digestion. Sour cherry was analyzed as control while evaluating 
the in vitro digestion results.    
This method which consist of two stages was adapted from McDougall et al. (2005).  
Firt stage is simulating gastric digestion and the second stage is mimicing pancreatic 
digestion. Gastric digestion was performed at 37˚C for 2 hours with pepsin enzyme 
and pancreatic digestion was applied at 37˚C for 2 hours with bile salts and 
pancreatin enzyme. Samples were collected as PG, IN and OUT. PG is the material 
after gastric digestion, IN sample is representing the materials that enter into serum 
and OUT sample is showing the material that remains in the gastrointestinal tract. All 
the fractions were analyzed for anthocyanin and phenolic profile, besides their total 
phenolic content, total anthocyanin content and antioxidant activity.  
All the data were evaluated statistically by Statistical Package for the Social Sciences 
(SPSS) Programme version 20.0. Significant differences between the samples were 
analyzed by one way Analysis of Variance (ANOVA) at 0.05 significant level 
followed by Duncan’s New Multiple Range Test as post hoc tests. The results were 
reported as mg equivalents/100 g edible fruit. Each analyses were repeated in 
triplicate for each sample and the results were reported as mean value ± standard 
deviation. 
As a result of this study; phenolic compounds of sour cherry were found to be stable 
in gastric conditions. Gastric fractions even improved bioavailability in compasion 
with extract. Phenolic compounds were also available in colon (86.68%) and to a 
lesser extent in serum (10.08%). Anthocyanins were found to have lower 
bioavailability during digestion when compared to phenolic compounds.  
During digestion with other foods, bread involving starch had decreasing effect in 
respect of total phenolic content results. However the other foods containing protein 
such as milk, meat, yoghurt and protein affected the bioavailability both way. Meat 
and probiotic had increasing effect in IN conditions while yoghurt had this effect in 
OUT fraction. Moreover, probiotic also had positive effect in OUT condition. Soy 
bean had positive effect in PG and OUT conditions however soy milk had negative 
effect in all conditions.  
According to total anthocyanin results, no significant difference was found in IN and 
OUT conditions. However, soy bean caused considerable increase in PG condition. 
In combination with soy milk, lemon, oil and bread the anthocyanin bioavailability in 
PG conditions was protected. Milk and yoghurt had decreasing effect in all cases.  
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When the total antioxidant activity was evaluated by DPPH method, bread had 
decreasing effect in all fractions. Oil+SC was stable in PG and IN however, in OUT 
it decreased the antioxidant activity level. Meat showed the highest antioxidant 
activity among the others. All foods had decreasing effects in all conditions 
according to ABTS results however only lemon had increasing effect in PG 
condition. 
In digestion with food components, salt, vitamin C, citric acid, cellulose, starch and 
cooked starch had decreasing effect in all fractions for total phenolic content. Wheat 
protein had positive effect in IN fraction however, soy protein and milk protein had 
positive effect in OUT fraction. The lowest bioavailability was observed in cooked 
starch.  
According to total anthocyanin results, no significant difference was found between 
glucose, fructose, galactose, milk protein, soy protein, wheat protein, soy protein and 
ascorbic acid in all fractions. Vitamin E had protecting effect on anthocyanins in all 
fractions. Cooked starch also had positive effect in IN and OUT conditions while 
starch presented lowest bioavailability in all conditions. So gelatinization had 
positive effect on anthocyanins. 
In respect of individual phenolic compound results, oil had protective effect on 
phenolics and anthocyanins. When the effects of food components was evaluated; 
citric acid and fructose are outstanding components when compared to others. These 
had positive effect on phenolic acids and anthocyanins. 
 
In conclusion, it is recommended to consume sour cherry with oil and acidic foods 
that contain citric acid. While formulating functional foods or consuming functional 
sources, those findings should be in concern to be able to gain maximum benefits 
from sour cherry or other anthocyanin and phenolic rich sources. 
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VİŞNEDE BULUNAN FENOLİK BİLEŞENLERİN VE 
ANTOSİYANİNLERİN BİYOYARARLILIĞINA GIDA MATRİSİ VE 
BİLEŞENLERİN ETKİSİ  
ÖZET 
Son yıllarda stres ve serbest radikal oluşum faktörlerine bağlı olarak kanser başta 
olmak üzere kardiovasküler hastalıklar hızla artış göstermiştir. Antioksidatif 
aktivitesi yüksek olarak bilinen fenolik bileşenler bu açıdan araştırmacılar ve 
tüketiciler arasında önem kazanmıştır. Sağlıklı ürünler kategorisi  üreticilerin de 
dikkatini çekmiş ve pazarda geniş bir yer kaplamaya başlamıştır. Vişne (Prunus 
cerasus L.) yüksek antioksidan potansiyeli ve fenolik içeriği açısından önemli bir 
meyvedir. Vişnenin temel fenolik bileşenleri antosiyaninler, flavonoller ve kumarik 
asit türevleridir. Literatürde ise vişnenin antioksidan potansiyeli ve fenolik 
bileşenleri konusunda az sayıda çalışmaya rastlanmaktadır. Son yıllarda, fenolik 
bileşen içeren gıdaların formülasyonu hakkındaki çalışmalar da artmaya başlamıştır. 
Gıdaların biyolojik etkileri onların biyoyararlılıklarıyla yakından ilişkilidir. 
Biyoyararlılık; gıdanın emilen aktif bileşeninin fiziksel aktivite için kullanımıdır. 
Sonuç olarak gıdada bulunan bileşenler kadar bu bileşenlerin biyoyararlılıkları da 
önemlidir. Fenolik bileşenler çözünürlüklerine, etkileşimlerine ve yapılarına bağlı 
olarak farklı davnanış sergilemektedirler. Buradaki en önemli konu ise gıdalardaki 
flavonoidlerin matris etkisinden nasıl etkilendiğidir. 
Literatürde vişnenin in vitro biyoyararlılığı ile ilgili az sayıda çalışmaya 
rastlanmaktadır. In vivo metodlar karmaşık, pahalı, uzun zaman alan çalışmalardır ve 
çalışma boyunca etik sorunlar ile karşılaşılmaktadır. In vitro metodlar ise ucuz, hızlı 
ve basittir. Bu çalışmanın amacı vişnede bulunan fenolik bileşenlerin, 
antosiyaninlerin ve bunların antioksidan aktiviteleri üzerine matris etkisinin 
belirenmesidir. 
Vişnedeki fenoliklerin ve antosiyaninlerin potansiyel biyoyararlılığını belirlemek 
amacı ile günlük diyette tüketilen gıdalarla ve gıda bileşenleri ile model sistem  
oluşturulmuştur. Ayçiçek yağı, UHT yağsız süt, pişmiş yağsız et, ekmek, yağsız 
yogurt, probiyotik yogurt, elma, limon, soya sütü, krema, soya fasülyesi ve control 
olarak da vişne gıda matrisinde kullanılmıştır. Gıda bileşenleri olarak ise buğday 
proteini, süt proteini, soya protein, fruktoz, galaktoz, glukoz, tuz, vitamin C, nişasta, 
pişmiş nişasta, vitamin E, linoleik asit, selüloz, sitrik asit ve pectin kullanılmıştır. 
Vişne+gıdalarda, vişne+gıda bileşenlerinde toplam fenolik madde miktarı, toplam 
antosiyanin madde miktarı, antioksidan aktiviteleri belirlenmiştir. 
Toplam fenolik madde içeriği Folin Ciocalteu metodu kullanılarak belirlenmiş ve 
sonuçlar gallik asit eşdeğeri açısından değerlendirilmiştir. Toplam antosiyanin 
miktarı is pH diferansiyel metodu kullanılarak belirlenmiş ve sonuçlar mg syn-3-gly 
olarak verilmiştir. Toplam antioksidan aktivite ise  2,2-diphenyl-1-picrylhydrazyl 
(DPPH) ve 2,2-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) metodları ile 
belirnenmiştir. 
Vişne örnekleri sıvı nitrojen altında öğütülmüştür ve bu örneklere in vitro sindirim 
metodu diğer gıda bileşenleri ve gıdalarla oluşturulan modellerle birlikte 
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uygulanmıştır. Bu kapsamda enzimler kullanılarak sindirim benzetimi yapılmış, 
absorplama ise diyaliz poşeti kullanılarak taklit edilmiştir. Mide ve pankreatik 
sindirim sırasında oluşan fenolik madde ve antosiyanin dönüşümleri araştırılmıştır.  
Böylelikle antosiyanin içeren gıdaların tüketimleri sırasında ve diğer gıdalarla 
tüketimleri durumunda antosiyanin miktarındaki değişimler belirlenmiştir. Vişnenin 
in vitro sindirim metodu uygulanmış hali ise kontrol olarak kullanılmıştır. 
Bu yöntem McDougall ve diğ. (2005) gerçekleştirdiği çalışmadan uyarlanmıştır. 
Metod iki basamaktan oluşmaktadır. Mide sindirimini taklit etmek amacıyla 
pepsin/HCl sindirimi 2 saat 37˚C olarak gerçekleştirilmiş ardından ince bağırsak 
sindirimini taklit etmek için ise pankreatin enzimi ve safra tuzları eklenerek 37˚C de 
2 saat gerçekleştirilmiştir. Örnekler PG, IN ve OUT kısımlarından alınmıştır. PG 
örnekleri mide sonrası, IN kana geçen kısmı, OUT ise mide bağırsak sindirimi 
sonrasında kalan maddeyi temsil etmektedir. Tüm fraksiyonlarda antosiyanin ve 
fenolik madde miktarları ve toplam antioksidan aktivite belirlenmiştir. 
Analiz sonuçlarının tümü Sosyal Bilimler için İstatistik Paketi (SPSS) 20.0 versiyonu 
yazılım yardımı ile tek yönlü varyans analizi (ANOVA) uygulaması ile Duncan Yeni 
Çoklu Aralık Testi seçilerek 0.05 önem derecesinde değerlendirilmiştir. Sonuçlar, 
mg eş değerleri/100 g yenilenebilir meyve olarak belirtilmiştir. Her bir analiz her 
örnek için üç kez tekrarlanmış ve sonuçlar ortalama değer ± standard sapma olarak 
verilmiştir. 
Bu çalışmanın sonucunda, fenolik bileşenlerin gastrik koşullarda daha stabil olduğu 
kanısına varılmıştır. Gastrik koşullardaki biyoyararlılık ekstrakta göre daha yüksek 
bulunmuştur. Fenolik bileşenlerin kolonda (86.68%) ve kandaki miktarı (10.08%) 
olarak belirlenmiştir. Antosiyaninlerin biyoyararlılığı ise fenolik bileşenlere göre 
daha düşük bulunmuştur. 
Vişnenin diğer gıdalarla tüketildiği durumda, fenolik bileşenlerin ekmek protein 
içeriğinden dolayı fenolik bileşenlerin biyoyararlılığını olumsuz yönde 
etkilemektedir. Fakat diğer protein içeren gıdalar; süt, et, yoğurt, probiyotik yoğurt 
biyoyararlılığı iki yönde etkilemiştir. Et ve probiyotik yoğurt IN koşullarında arttırıcı 
etkiye sahipken yoğurt bu etkiyi OUT koşullarında göstermiştir. Probiyotikte aynı 
etkiyi OUT koşullarında sergilemiştir. Soya sütü tüm koşulları negatif etkilerken 
soya fasulyesi PG ve OUT koşullarında pozitif etki göstermiştir.  
Toplam antosiyanin sonuçları incelendiğinde ise IN ve OUT fraksiyonlarında önemli 
bir farklılık görülmemiştir. Soya fasülyesi PG koşulunda önemli bir artışa sebep 
olmuştur. Soya sütü, limon, yağ ve ekmek antosiyaninlerin biyoyararlılığını PG 
koşullarında korumuştur. Süt ve yoğurt ise tüm durumlarda azaltıcı etki göstermiştir. 
Toplam antioksidan aktivite DPPH metodu ile analizlendiğinde ekmek tüm 
fraksiyonlarda azaltıcı etki göstermiştir. Yağ-vişne kombinasyonu PG ve IN 
koşullarında stabilken OUT fraksiyonunda azaltıcı etkiye sahip olmuştur. Et tüm 
fraksiyonlarda en yüksek antioksidan aktiviteyi göstermiştir. ABTS sonuçlarına göre 
tüm gıdalar antioksidan aktiviteyi azaltıcı etkiye sahiptir fakat sadece limon PG 
koşulunda arttırıcı etki göstermiştir. 
Gıda bileşenleri ile tüketim incelendiğinde; tuz, vitamin C, sitrik asit, selüloz, nişasta 
ve pişmiş nişasta toplam fenolik madde miktarını tüm fraksiyonlarda düşürmüştür. 
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Buğday proteini IN fraksiyonunda pozitif etkiye sahipken, soya ve süt proteini ise bu 
etkiyi OUT koşulunda göstermiştir. En düşük fenolik biyoyararlılığı ise pişmiş 
nişastada gözlenmiştir. 
Toplam antosiyanin sonuçlarına göre, glukoz, fruktoz, galaktoz, süt proteini, buğday 
proteini ve askorbik asit arasında tüm fraksiyonlarda hiçbir farklılık görülmemiştir. 
Vitamin E’nin antosiyaninler üzerine tüm koşullarda koruyucu etkisi olduğu 
görülmektedir. Pişmiş nişasta da IN ve OUT koşullarında pozitif etki göstermiştir 
fakat nişasta ise tüm koşullarda en düşük biyoyararlılığı sergilemiştir. Bu yüzden 
jelatinizasyonun  antosiyaninler üzerine pozitif etkisinin olduğu düşünülmektedir. 
DPPH metodu ile gerçekleştirilen toplam antioksidan aktivite sonuçları 
incelendiğinde vitamin E antioksidan aktiviteyi koruyucu etki göstermiştir. Doğal bir 
antioksidan olarak bilinen vitamin E’nin vişne ile kombinasyonu sonucunda 
antioksidan aktivitesi en yüksek bulunmuştur. Fakat şekerler (glukoz, fruktoz ve 
galaktoz) IN koşullarında azaltıcı etkiye sahiptir. Aynı sonuçlar ABTS metodu ile de 
elde edilmiştir. ABTS analizinde pektinin PG ve OUT fraksiyonlarında yüksek 
sonuçlar elde edilmiştir. IN fraksiyonunda ise linoleik asit antioksidan aktiviteyi 
arttırırken sitrik asit ve buğday proteini azaltmıştır. 
Fenolik bileşenler ayrı ayrı incelendiğinde, yağın fenolik asitlerin ve antosiyaninlerin 
üzerine pozitif etkisi olduğu görülmüştür. Elma ve ekmeğin de mide sonrası 
örneklerinde pozitif etkiler gözlemlenirken, IN ve OUT örneklerinde bu etkiyi 
kaybettikleri gözlemlenmiştir. Vişne+bal kombinasyonunda ise OUT örneğinde 
yüksek etkilerinin olduğu belirlenmiştir. Aynı etkiler; PG ve IN örneklerinde 
gözlemlenmediği için fenolik asitlerin ve antosiyaninlerin atıldığı belirlenmiştir ve 
vişnenin bal ile tüketilmesi önerilmemektedir. 
Gıda bileşenleri incelendiğinde ise sitrik asit ve fruktozun fenolik asitlerin ve 
antosiyaninlerin üzerine önemli etkileri olduğu belirlenmiştir. Vitamin E’nin de 
bileşenler arasında mide sonrası pozitif etkilerinin olduğu belirlenmiştir fakat bu 
etkilerin IN ve OUT örneklerinde kaybolduğu gözlemlenmiştir. 
 Sonuç olarak; ürün geliştirme aşamalarında maksimum sağlık yararı sağlayabilmek 
için gıda matrisinin etkisi de düşünülmelidir. Vişnenin yapılan çalışma sonucunda 
yağlı ve sitrik asit içeren asitli gıdalarla tüketilmesi önerilmektedir. 
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1.  INTRODUCTION 
Sour cherry is one of the importent fruit in Turkey in production of 182234 tone in 
2011 (FAOSTAT, 2011). In recent years, cardiovascular diseases increased in 
accordance with technology, life style and changes in consuming styles. Due to that 
reason, phenolic compounds, anthocyanins gained importance. Sour cherry is one of 
the outstanding fruit because of its rich nutrient content especially phenolic 
compounds. 
In this study, sour cherry was studied because it is highly produced and consumed in 
Turkey. Sour cherry is one of the important fruit in Turkey in production of 182234 
tone in 2011 (FAOSTAT, 2011). Turkey is one of the world leading producers in 
sour cherry. 
Sour cherry is important fruit due to its high phenolic content. Major phenolic acids 
in sour cherry are catechin, epicatechin, quercetin 3-glucoside, quercetin 3-
rutinoside, and kaempferol 3-rutinoside (Ferretti et al., 2010). Anthocyanin of sour 
cherry is generally cyanidin derivatives such as cyanidin-3-glucosylrutinoside, 
cyanidin-3-rutinoside, cyanidin-3-glucoside, cyanidin-3-sophoroside and peonidin-3-
glucoside (Kong et al., 2003; Chaovanalikit and Wrolstad, 2008). It is also good 
source of sugars.   
Sour cherry has also considerable amount of antioxidant activity. It has been reported 
in the study performed by Kirakosyan et. al. (2009) that crude extracts from Balaton 
and Montmerency sour cherry had antioxidant activity about 9.565 and 9.804 mM 
TEAC, respectively and the results are higher than processed (dried, IQF powder and 
frozen) sour cherries.  
Bioavailability can be defined as absorption and transportation of nutrient to body 
tissues where they are converted to physical activity (Benito and Miller, 1998).  
According to FDA report; bioavailability is described as absorption of active 
component of food or drug to be available for physical activity (FDA, 2003).  
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Biological characteristics of food affect the bioavailability. Also food compound, 
gastric pH and redox potential, gastric illnesses, food matrix, type of element, 
intestinal absorption, genotypes of food compounds, nutritional situation, lifestyle, 
physiological situation (pregnancy, lactation and physical activities), amount of 
absorbed food are very much effective (Ercan and El, 2010). 
In vitro digestion methods which are used for investigating biochemical and 
physiochemical effect are performed as real metobolism by using enzymes. Gastric 
digestion performed with using pepsin and HCL and bile salts and pancreatin was 
used for pancreatic digestion. During digestion, pH are changing so this alteration 
affects the structure of phenolic compounds and anthocyanins. Anthocyanins are 
stable in asidic conditions such as stomach however, in neutral pH their structures 
change into flavilium cation and losing their stability. This effect could be observed 
in pancreatic digestion. Besides that food matrices are also affecting the 
bioavailability. It is important to know these effects to determine the actual 
bioavailability. 
Larkin et al. (2007) studied probiotics or resistant starch effect on bioavailability of 
isoflavones with high soy diet. 12 female and 19 male volunteer attended the study 
for 5 week. They used crossover design and they compared chronic soy consumption 
with soy plus probiotic yogurt or resistant starch in older male and postmenopausal 
females. Sampling was done in urine and plasma. Single chronic soy consumption 
had no effect on isoflavone bioavailability. Daidzein and genistein increased in 
plasma after the probiotic treatment and also their level increased 24 h after soy 
intake with resistant starch treatment. They claimed that these treatments 
significantly affect the isoflavone bioavailability. 
Biochemical and physiochemical changes of anthocyanins during raspberry digestion 
were determined by using in vitro gastrointestinal model (McDougall et al. 2005).  
They observed the results as serum sample after gastric digestion (IN) and OUT 
sample, which represents the material that remains in the GIT and passes through  
the colon. According to results, 5% anthocyanin passed to IN sample and 70% of 
total anthocyanins were recovered in the IN and OUT. They also studied on food 
matrices effect on bioavailability. Raspberry was combined with bread, breakfast, 
cereal, ice cream and cooked minced beef. They grinded the selected food and co-
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digestion with raspberry was performed. Total phenol content reduced by co-
digestion with ice cream and breakfast cereal, whereas no effect was observed by 
bread and minced meat. Phenolic content was also found lower than expected values 
in OUT and PG samples. The anthocyanin content was not affected or in some cases 
it increased. These studies show that food matrices are affecting the bioavailability. 
The objective of this study is determining the bioavailability of sour cherry that is 
known its positive health effect and rich nutrient content besides that defining food 
matrix effect on sour cherry bioactive compounds and their interactions. This study 
aims to determine which combination will be useful to consume according to its 
bioavailability.  
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2.  LITERATURE REWIEV 
2.1 Sour Cherry 
Sour cherry (Prunus cerasus L.), which is member of Rosaceae family, is one of the 
popular fruits grown in Turkey. It is also widely grown in Iran, Italy, Poland, Russian 
Federation, Ukraine, USA and Uzbekistan.  The main country of sour cherry is 
between Caspian Sea and North Anatolian Mountains (Önal . 2002). Sour cherry is 
cultivated in well drained fertile soil which contains high organic substances. Sour 
cherry tree bears fruit at its 4th year and sour cherry trees live for an average of 45 
years.  Yield of sour cherry tree is 25-30 kg in a year.  
Sour cherry is resistant to cold winter and hot summer seasons. It is grown at regions 
which has 400 mm annual rainfall without irrigation. In Turkey; sour cherry is 
harvested in western part of Central Anatolia, Göller Reigion and 43% of Turkey 
sour cherry production belongs to those regions (Durmuş, et al., 2003).  
Sour cherry cultivars in the world are Montmorency, Kütahya, Katırlı, Hungarian, 
English Morello and Heimanns Rubin. Montmorency which is widely grown in 
Europe and USA is reddish, roundish, medium-coarse, tough, and juicy. Kütahya 
which is the main sour cherry of Turkey is purplish, roundish, big, very tough and 
juicy.  Katırlı which is also another type of Turkish sour cherry is soft, sourish and 
claret and its trees are very fertile so they are suitable for juice industry.  Hungarian 
sour cherry has small fruit which is reddish and juicy. English Morello sour cherry is 
small, dark red, tough and sourish. Heimanns Rubin sour cherry which matures 5 
days before Kütahya sour cherry is dark red, soft and slightly bitter.  
According to Turkish Statistical Institute; Turkey has 5.959.768 tree which is able to 
bear fruit and their yield is 31 kg average, resulting in 7.299.017 total amount of sour 
cherry fruit (TUİK. 2011).  
2.2 Sour Cherry Production and Consumption 
Sour cherry can be grown in several countries which have tropical and subtropical 
regions. In Turkey, it is usually consumed and processed especially as fruit juice.  
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2.2.1 Sour cherry production in the world 
Sour cherries are relatively diverse and broadly distributed around the world, being 
found in Asia, Europe, and North America (Doymaz İ., 2007). Sour cherries 
production rates according to continents is as follows:  68.8% in Europe, 11.8% in 
America and 19.4% in Asia. Sour cherry production in the world is shown in Table 
2.1 (FAOSTAT, 2011). 
Table 2.1 : Sour cherry production in the world. 
Country Production tonnes (2011) 
Russian Federation 190700 
Turkey 182234 
Poland 175049 
Ukraine 172900 
United States of America 105143 
Iran (Islamic Republic of) 102574 
Serbia 90596 
Hungary 61735 
Belarus 14552 
Uzbekistan 32800 
Germany 22294 
Azerbaijan 19385 
Republic of Moldova 17418 
Albania 17000 
Denmark 10952 
Croatia 10739 
 
Sour cherries seem to be grown all over the world however top 5 producer, Poland, 
Ukraine, USA, Russia and Turkey. Production between the years 2005 - 2011 is 
shown in Table 2.2 (FAOSTAT, 2011). 
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Table 2.2 : Sour cherry production for top 5 producers between 2005 – 2011. 
(amount in tonnes) 
Country 2005 2006 2007 2008 2009 2010 2011 
Russian 
Federation 
230000 122000 250000 183000 190000 165000 190700 
Poland 139851 194928 107651 201681 189220 147238 175049 
Ukraine 181800 95600 134600 129200 115800 154500 172900 
Turkey 140000 121499 180917 185435 192705 194989 182234 
USA 122651 119658 114850 97250 162930 86364 105143 
 
2.2.2 Sour cherry production and consumption in Turkey 
Sour cherry is produced in a wide range in Turkey. When the geographical 
distribution in Turkey is evaluated, no production was seen general in shore regions 
and in Southeastern and Eastern Anatolia Regions. Sour cherry was mainy harvested 
in West and Central West of Central Anatolia, and Göller Region. This regions 
provide 43% of sour cherry production. The second region for the major production 
is along the Kızılırmak Valley which is located between the İdris and Baldaç 
Mountainsconstituting the 18% of total production. The other area where the 
production is clustered is Amasya, Tokat, Zile and Niksar Plains which are located in 
transition of Middle Black Sea Region and Central Anatolia Region. This regions 
provides about 6% sour cherry production of Turkey (Durmuş et al. 2003). 
Turkey is producing huge amount of sour cherry but exported value of production is 
really low. Hungary, Czech Republic and Poland are top sour cherry exporters of the 
world. (FAOSTAT, 2009).   
Sour cherry is commonly processed for fruit juice and used as single juice or 
ingredient of mixed fruit juices. It is one of the strategic fruit of juice industry of 
Turkey. The amounts of fruits used for fruit juice production between 2001-2008 are 
shown in Table 2.3 (MEYED, 2008). 
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Table 2.3 : The amounts of fruits used for fruit juice manufacturing in Turkey. 
Fruit 2001 2002 2003 2004 2005 2006 2007 2008 
Sour Cherry 28.2 9.9 54.7 35.7 37.1 52.2 72.6 54.6 
Apricot 37.2 13.9 34.8 24.8 30.8 36.1 38.2 74.9 
Peach 31.5 26.2 51.5 30.2 75.9 65.3 90.1 118.8 
Apple 272.9 244.5 341.5 338.0 409.2 282.9 356.8 333.8 
Orange 12.6 31.7 28.3 46.2 33.1 37.8 53.3 63.9 
Pomegranate     17.6 46.6 57.5 49.5 
Carrot       30.6 30.7 
Grape     10.9 8.4 18.3 16.9 
Strawberry       4.1 7.7 
Grapefruit        5.5 
Quince       7.5 4.5 
Tomato     4.6 4.9 3.9 4.4 
Lemon        2.7 
Others 6.0 19.3 10.5 16.9 10.2 47.9 4.3 3.2 
Total 388.4 345.5 521.3 510.3 629.4 582.1 737.2 771.1 
 
2.3 Sour Cherry in Health and Disease 
Phenolic compounds gained importance by changes in consumer perspective due to 
their health benefits. They have a number of subgroups such as phenolic acids, 
flavanoids and anthocyanins. Anthocyanins are mostly found in red/purple fruits, 
particularly cherries being one of the major sources for those compounds. These 
compounds have important health benefits including antiallergic, anticarcinogenic, 
antimicrobial, antimutagenic, and antiinflammatory properties (Kim et al., 2005). 
Sour cherry anthocyanins which are rich source of cyanidine glycosides are 
mitigating the arthritic pain and gout (Wang et al. 1999). It has also been reported in 
some in vivo studies. Mouse models for colorectal cancer were used to determine 
anthocyanins, which are also known as bioactive food components effecting on 
tumor development. Mice were fed on one of the following: 1) a cherry diet, 2) 
anthocyanins, 3) cyanidin, 4) control diet or 5) control diet with added sulindac (an 
anti-inﬂammatory agent) and the results showed that volume of cecal tumors were 
significantly fewer than control and sulindac diet but no colonic tumors were 
observed so it was suggested that bioactivity of cyanidins are responsible for 
inhibition of cecal tumors (Kang et al., 2003). Similar results have been observed by 
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Chen et al. (2005). Cyanidin-3-glucoside was extracted from black rice and used in 
the diet. In respect of results; cyanidin-3-glucoside inhibits the cell growth by 
arresting G2/M phase of the cell cycle, prevents the cell proliferation and tumor 
growth.  
Sour cherry has anti-inflammatory effects due to its rich anthocyanins. APCMin 
mice which are commonly used for colorectal cancer study fed with different dosage 
of anthocyanin extracts which was extracted from Balaton tart cherries and 
suboptimal levels of nonsterodial anti-inflammatory drug sulindac for 19 weeks. 
Anthocyanin-rich extract and suboptimal dosages of sulindac showed the same 
results with higher dosages of sulindac alone with decreased gastrointestinal bleeding 
and so it can be reasonable approach for colon cancer inhigh risk groups (Bobe et al., 
2006). Sour cherry anthocyanins have effect on cyclooxygenase enzyme (COX) 
which provides symptoms of pain and inflammation. Effect of anthocyanins 
extracted from tart cherries, sweet cherries, blackberries, blueberries and cranberries 
on COX-I and -II enzymes were studied by Seeram et al. (2001). It has been reported 
that aglycone cyanidin which are extracted from tart cherries showed superior 
activity as compared to its glycosides. However, the best inhibitory activity was 
observed in the anthocyanins from raspberry and sweet cherries. But it can be 
concluded that anti-inflammatory effects of anthocyanins from these fruits have 
beneficial effect on human health especially by means of alleviating arthritis and 
gout related pain. The same results were given by Šarić et al. (2009). In that study, 
mice were fed with food pellets containing 4 ml of 10% and 50% dilution of sour 
cherry juice for 12 days, and then antioxidant properties and anti-inflammatory 
effects were determined. According to results; sour cherry juice in concentration of 
10% decreased COX-2 activity by 33%, while concentration of 50% sour cherry 
juice decreased COX-2 activity by 41% versus control so sour cherry juice 
anthocyanins had strong anti-inflammatory effect on COX II activity.  
In some other studies it has been reported that sour cherry has effect on 
cardiovascular diseases. Tart cherry seed extract at variable dosages were given to rat 
that has ischemic injury which generally results in irregular and rapid heartbeats and 
possibly heart attack. It resulted that extract at moderate dosages reduced incidence 
of irregular and rapid heartbeats and also less cardiac damage was seen as a result of 
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heart attack. In the other study; isolated foam cells from mice exposed to variable 
doses of  cyanidin-3–O-β-glucoside and the results suggested that there was a dose-
dependent removal of cholesterol from macrophages and their associated foam cells, 
illustrating a protective effect of this anthocyanin in reducing cardiovascular risk 
(McCune et al., 2011).   
Sour cherry anthocyanins also have antineurodegenerative effect as reported in 
studies. They have protective effect on PC 12 cells which are found in 
pheochromocytoma of the rat adrenal medulla against cell damaging oxidative stress 
(Kim et al., 2005). It has also been reported in in vivo studies that tart cherry enriched 
diets reduces oxidative stress and inflammation (Kirakosyan, et al., 2009). 
Sour cherry bioactive components are also playing role as antidiabetics. Cornelian 
cherry anthocyanins prevented the inability of β-cells which is the cause of Type II 
diabetes, which is known as noninsulin-dependent diabetes(Jayaprakasam et al., 
2005).  
Sour cherry has positive effect on skin health. UV-A radiation induces the generation 
of free radicals and discrete lesions in DNA. It is proven that cyanidin 3-glucoside 
which is found at high amount in sour cherry has photoprotective effect on  UV-A 
and UV-B radiations because of their antioxidant activity (Lucioli, 2012). 
Melatonin hormone which regulates human body rhyme was excreted at nights. 
According to study performed by Burkhardt et al. (2001) tart cherries are a good 
source of melatonin, 13.46 ng/g melatonin in Montmorency cherries and 2.06 ng/g 
melatonin in Balaton tart cherries was detected, respectively. In the study that aims to 
improve sleep quality by tart cherry juice, 20 volunteers consumed placebo or tart 
cherry juice for 7 days. Urine samples were collected each 48 hours to determine 
melatonin metabolites and their rhymes. Tart Montmorency cherry juice concentrate 
provided improvements in sleep time and quality in healthy adults (Howatson et al. 
2012). 
2.4 Sour Cherry Products 
Sour cherry can be processed into different form of products such as dry fruits, fruit 
juices, frozen cherries, powders from individually quick frozen (IQF) cherries, juices 
and juice concentrates (Kirokosyan et al., 2009). In USA, 99% of sour cherry 
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processed into frozen cherries (77%), canned cherries (22%) and juice, wine, brined 
and dried products (7%) due to their limited season (Ou et al., 2012). 
Sour cherry as jam is suitable for marketing in all seasons. However, it is reported 
that losses in phenolic and antioxidant capacity can be observed because of heat 
treatment.  
Sour cherry as juice is one of the most consumed juice in Turkey, however in 
Europe; orange and apple juices are consumed intensively (Istanbul Commercial 
Center, 2003). It is also manufactured as concentrate. 12500 tonnes was processed 
into sour cherry concentrate in 2008 (MEYED, 2008). 
Sour cherries have also been used for wine making and liqueurs. Sour cherry is one 
of the important fruits in Denmark and using sour cherry in production of wine and 
liqueurs is traditional (Khoo et al., 2012). 
In Belgium, sour cherries are commonly used in beer making. Lambic beer is known 
as cherry lambic (Kriek) or raspberry lambic (Framboise) and the tradition is adding 
whole fruit as sour cherries or raspberries to be fermented in lambic casks. (Daenen 
et al., 2008). 
Sour cherries are also been used for treatment some illnesses due to their rich 
nutritional content because they contain high amount of anthocyanins and melatonin 
which regulates human body rhymes during sleep. 
2.5 Chemical Composition of Sour Cherry 
Sour cherry is a nutritious fruit source because of its chemical composition and 
mineral content. Sour cherry is rich in sugars which constitutes about 50-60% of total 
dry matter. Maleic acid has also been detected in sour cherry as 75-95% of total 
nonvolatile acid (Salunkhe and Desai, 1995). Chemical composition of sour cherry is 
shown in Table 2.4 (Salunkhe and Desai, 1995; Janick and Paul, 2008). Mineral and 
vitamin contents are shown in Table 2.5 (Salunkhe and Desai, 1995; Kirchoff, 2008). 
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Table 2.4 : Chemical composition of sour cherry. 
Constituent (%) Salunkhe and 
Desai (Dessert 
cherries) 
Janick and Paul 
(Montmerency 
type) 
Kirchhoff 
(Morello type) 
Moisture 83.7  84.8 
Total carbohydrates  10 9.88 
Total sugars 13.04 8.2  
Sucrose 0.10  0.4 
Glucose 4.70 5.1 5.18 
Fructose 7.24 3.1 4.28 
Proteins 0.7 1.11  
Total fat  0.11 0.5 
Dietary fibre  1.1 1.04 
Soluble fibre  0.66 0.57 
Insoluble fibre  0.43 0.47 
 
Table 2.5 : Mineral and vitamin composition of sour cherry. 
Constituent (mg) Salunkhe and Desai 
(Montmerency type) 
Kirchhoff 
(Morello type) 
Calcium 13 8 
Iron 0.5 0.6 
Phosphorous 16 19 
Potassium 132 114 
Sodium 18 2 
Vitamin C 2.48 12 
Vitamin A 0.54 0.40 
2.6 Important Phenolic Compounds 
Sour cherry contains polyphenols; mainly flavonoids (flavanols, flavonols, 
anthocyanins) and other phytochemicals. 
2.6.1 Phenolic acids 
Phenolic acids are significant components in fruit and vegetables. These compounds 
play role in color stability, aroma profile and antioxidant activity. Phenolic acids can 
be classified in two groups: hydroxybenzoic acids (HBA)  which are derived from 
benzoic acid and  hydroxycinnamic acids (HCA) which are derived from cynnamic 
acids.They are acting as acid because of their carboxylic group in their molecule 
(Fleuriet and Macheix, 2003). 
Phenolic acid content in fruits can be affected by many factors such as growing 
season and location, maturity, genotype and genetic variations. All these changes 
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depends of phenolic metabolism, gene expression and enzyme activities (Fleuriet and 
Macheix, 2003). 
2.6.1.1 Phenolic acids of sour cherry 
Major phenolic acids in sour cherry are catechin, epicatechin, quercetin 3-glucoside, 
quercetin 3-rutinoside, and kaempferol 3-rutinoside. Total phenolics in different 
variety of sour cherries were shown in Table 2.6 (Ferretti et al., 2010). Major 
phenolics were shown in Table 2.7 according to study performed in Croatia (Jakobek 
et al., 2009). 
Table 2.6 : Total phenolics in different cultivars. 
Cultivar Total phenols (mg GAE/100g fresh 
cherries) 
Balaton 254.1 ± 6.0 
Danube 162 ± 1 
Schatten Morelle 295 ± 34 
Sumadinka 312 ± 8 
Table 2.7 : Major phenolic acids in sour cherry. 
Phenolic acids Amount in mg/kg 
of fresh weight 
fruit 
Flavan-3-ols Amount in 
mg/kg of fresh 
weight fruit 
Neochlorogenic acid 15.8 ± 1.6 (+)-catechin 9.4 ± 0.7 
Chlorogenic acid 71.6 ± 3.5 (-)-epicatechin not detected 
p-coumaric acid 
derivative1 
55.4 ± 1.5 Flavonols 
p-coumaric acid 
derivative2 
not detected Rutin 24.0 ± 1.5 
p-coumaric acid 3.1 ± 0.3 Quercetin 3.0 ± 0.5 
Ferulic acid 4.2 ± 0.5 Kaempferol 3.0 ± 0.5 
Total 189.5± 10.6 
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2.6.2 Anthocyanins 
Anthocyanins are one of the important group of phenolic compounds. They are 
responsible for giving red, purple and blue color to vegetables and fruits. Their 
chemical position differs according to number of hydroxyl groups, nature and 
number of sugars, nature and number of aliphatic and aromatic acids attached to 
sugars (Kong et al., 2003). Naturally occurring anthocyanidins are given in Table 2.8 
(Kong et al., 2003). 
Table 2.8 : Naturally occurring anthocyanidins. 
Name 3 5 6 7 3’ 4’ 5’ Color 
Apigeninidin H OH H OH H OH H Orange 
 
Aurantinidin OH OH OH OH H OH H Orange 
 
Capensinidin OH OMe H OH OMe OH OMe Bluish-
red 
Cyanidin OH OH H OH OH OH H Orange-
red 
Delphinidin OH OH H OH OH OH OH Bluish-
red 
Europinidin OH OMe H OH OMe OH OH Bluish-
red 
Hirsutidin OH OH H OMe OMe OH OMe Bluish-
red 
6-
Hydroxycyanidin 
OH OH OH OH OH OH H Red 
Luteolinidin H OH H OH OH OH H Orange 
 
Malvidin OH OH H OH OMe OH OMe Bluish-
red 
5-
Methylcyanidin 
OH OMe H OH OH OH H Orange-
red 
Pelargonidin OH OH H OH H OH H Orange 
 
Peonidin OH OH H OH OMe OH H Orange-
red 
Petunidin OH OH H OH OMe OH OH Bluish-
red 
Pulchellidin OH OMe H OH OH OH OH Bluish-
red 
Rosinidin OH OH H OMe OMe OH H Red 
Tricetinidin H OH H OH OH OH OH Red 
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2.6.2.1 Sour cherry anthocyanins 
Sour cherry is good source of anthocyanins. Anthocyanin of sour cherry is generally 
cyanidin derivatives such as cyanidin-3-glucosylrutinoside, cyanidin-3-rutinoside, 
cyanidin-3-glucoside, cyanidin-3-sophoroside and peonidin-3-glucoside (Kong et al., 
2003; Chaovanalikit and Wrolstad, 2008). Total anthocyanin content of sour cherry 
and processed cherries were shown in Table 2.9 (Kirakosyan et al., 2009). Table 2.10 
shows the major anthocyanidins in sour cherry which are studied in Croatia (Jakobek 
et al., 2009).  
Table 2.9 : Total anthocyanin content of sour cherry and processed sour cherries. 
Sour cherry as single and processed Total anthocyanins 
Montmorency cherry (dried-no sugar 
added) 
173 ± 31 
Balaton cherry (dried-no sugar added) 564 ± 65 
Montmorency cherry (dried with 
sugar) 
62 ± 5.3 
Balaton cherry (dried with sugar) 273 ± 33 
Montmorency cherry (frozen) 533 ± 47 
Balaton cherry (frozen) 1741 ± 287 
Montmorency cherry concentrate 213 ± 41 
Balaton cherry concentrate 722 ± 87 
Montmorency cherry (IQF powder) 482 ± 56 
Balaton cherry (IQF powder) 1063 ± 178 
*Results were expressed as μg/g dry weight of cyanidin 3-glucoside 
Total anthocyanin level depends on variety, genetic and environmental factors. It has 
been found that anthocyanin were at highest (29.7%) in Bing cherries with respect to 
others (Montmerency, Royal Ann and Rainier) and followed by Montmerency 
cultivar (8.7%), the Royal Ann (0.5%) and Rainier (0.5%), respectively 
(Chaovanalikit and Wrolstad, 2008). Chemical structures of the major anthocyanins 
in sour cherries are shown in Figure 2.1 (Fröhling et al. 2012). 
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Table 2.10 : Major Anthocyanins of sour cherry. 
Anthocyanin Amount in mg/kg of 
fresh weight fruit 
cyanidin-3-sophoroside 186.4 ± 2 
cyanidin-3-glucosylrutinoside 401.0 ± 2 
cyanidin-3-glucoside 69.9 ± 1 
cyanidin-3-rutinoside 569.0 ± 4 
Total Anthocyanins 1226.3 ± 9 
 
 
Figure 2.1 : Chemical structures of the major anthocyanins in sour cherries 
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2.7 Antioxidant Activity 
Antioxidants are compounds that have positive health effects because they can 
prevent or delay the oxidation of lipids and the other molecules by inhibiting of 
initiation and propagation of oxidative chain reactions (Javanmardi et al., 2003).  
Antioxidants can be classified in two groups as primary and secondary and this 
classification and they are responsible for scavenging of free radicals.  
There is also another type of antioxidants that inhibits lipid, protein oxidations. The 
most important antioxidative enzymes are catalase, peroxidase, superoxide 
dismutase, glutathione and glutathione peroxidase (Koca and Karadeniz, 2003). 
2.7.1 Antioxidant activity of sour cherry 
Sour cherry is rich source of anthocyanins and phenolic compounds and relatedly 
that means tit has also considerable amount of antioxidant activity. It has been 
reported in the study performed by Kirakosyan et. al. (2009) that crude extracts from 
Balaton and Montmerency sour cherry had antioxidant activity about 9.565 and 
9.804 mM TEAC, respectively and the results are higher than processed (dried, IQF 
powder and frozen) sour cherries.  
According to Lichtenthäler and Marx (2005); cheery and berry fruits have higher 
antioxidant capacity with respect to other kind of fruits.  
Antioxidant capacities of sour cherry, orange, apricot and peach nectars were 
determined by FRAP method in the other study. In respect of results; antioxidant 
capacities were found to be in decreasing order from sour cherry nectar>orange 
nectar>apricot nectar> peach 
nectar (Tosun and Ustun, 2003). 
In the study that defines antioxidant capacity differences between the different 
cultivars of sour cherry such as Montmerency, Bing, Royal Ann and Rainier, 
surprisingly, Montmerency (37.57 µmolesTE/g fw) showed the highest antioxidant 
capacity than the others, while there was huge difference in the amount of total 
anthocyanin content between Bing and Montmerency as mentioned in previous 
section (Chaovanalikit and Wrolstad, 2008). In other study; the antioxidant capacity 
of sour cherry juice was reported between 20.0-37.9 mmol/L in TEAC Damar and 
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Ekşi, 2012). Processing and heat treatment seemed to have negative effect on 
antioxidant activity. 
2.8 Bioavailability 
2.8.1 Definitions and methods 
Bioavailability can be defined as absorption and transportation of nutrient to body 
tissues where they are converted to physical activity (Benito and Miller, 1998).  
According to FDA report; bioavailability is described as absorption of active 
component of food or drug to be available for physical activity (FDA, 2003).  
Bioavailability and bioaccessibility are different terms. Bioavailability can be 
defined as bioaccessible compound which remains after digestion. This part can also 
be mobilized into gut (Peijnenburg and Jaber, 2003).  In another term; bioavailability 
is part of the digested food that is to be used in metabolic and physiological actions. 
In brief; it is the part which is absorbed in digestive system (El and Ercan, 2010). 
Bioavailability can be determined in three different methods: 1) in vitro digestion 
Gastrointestinal (GIT) model 2) CaCo-2 in vitro model 3) in vivo models. In vivo 
models are giving exact results but they are time consuming and expensive methods 
and it is hard to perform these models because of ethical restrictions. However, in 
vitro models are demonstrating reliable results and leading researcher to investigate 
about bioavailability.  The differences between assessment of bioavailability by in 
vitro and in vivo studies are based on mechanisms, because in vivo assays are defined 
as opened systems whereas in vitro methods as closed systems. In vivo studies can be 
affected by reducing properties of metabolites which are formed after absorption and 
excretion (Bermudez-Soto, et al. 2004).  
In vitro digestion GIT model has two parts; digestion which is performed by using 
commercial digestive enzymes such as pepsin, pancreatin and absorption  which is 
commonly based on CaCo-2 cells (Colon Adeno Carcinoma Cell) (Parada and 
Aguilera, 2007). In vitro digestion can be also performed by followings: 
- Preparation of food 
- Simulating stomach digestion (with pepsin) 
- Mimicking intestinal digestion (using pancreatin and bile salts) 
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In vitro digestion GIT model can be categorized as static and dynamic. Static model 
contains sequential digestion of alimentary bolus through mouth, gastric and 
intestinal fraction. Dynamic GIT model, in contrast, simulates transition of 
components gradually through the digestive tract (Serra et al. 2010).   
CaCo-2 cells which have small intestine villus cell properties are isolated from 
human colon cells. This model system is used for intestinal studies to determine 
organization and function of intestine cells. In the study which is relevant to drug 
bioavailability it was reported that CaCo-2 cell permeability and extent of absorption 
shows excellent correlation with in vivo studies (Mandagere et al. 2002). 
Biological characteristics of food affect the bioavailability. Also food compound, 
gastric pH and redox potential, gastric illnesses, food matrix, type of element, 
intestinal absorption, genotypes of food compounds, nutritional situation, lifestyle, 
physiological situation (pregnancy, lactation and physical activities), amount of 
absorbed food are very much effective (Ercan and El, 2010). Factors affecting 
antioxidant bioavailability is shown in Table 2.11 (Porrini and Riso, 2008). 
Table 2.11 : Factors affecting bioavailability of antioxidants in humans. 
 Related to the antioxidant 
Chemical structure 
Species/form 
Molecular linkage 
Concentration in foods 
Amount introduced 
Interaction with other compounds 
 Related to the food preparation 
Matrix characteristics 
Technological processing 
Presence of positive effectors of 
absorption: fat, protein, lecithin 
Presence of negative effectors of 
absorption: fiber, chelating agents 
Duration of storage 
Hormonal status 
Intestinal transit time 
Microflora 
 Related to the host 
Nutritional and antioxidant status 
Physiological condition 
Secretion of HCl      
 External 
Exposure to different environment 
Food availability 
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2.8.2 Bioavailability of sour cherry 
Sour cherry is rich source of polyphenolic compounds. Most of the studies are 
determining its antioxidant potential, total phenolic and anthocyanin content. 
However, few research focused on its bioavailability. There is scarce in vitro studies 
on bioavailability of sour cherry. In the study which is handled with CaCo-2 cell in 
vitro model sour cherry juice was reported to have more positive effect than sour 
cherry fruit on CaCo-2 cells (Toydemir and Boyacıoğlu, 2012). 
2.8.3 Bioavailability of anthocyanins and phenolic acids 
Phenolic compounds include two major groups: derivatives of cinnamic acid and 
benzoic acid depending on their structure. Benzene binds to carboxylic group is 
referred as benzoic acids and if the propionic acid binds it is called as cinnamic acids 
(Lafay and Gil-Izquierdo, 2008).   
Phenolic acids are available as aglycons or glycosides. Phenolic acids separate from 
its sugar part before absorption and aglycons pass through the cell membranes. 
Absorbed phenolic compounds are carried to liver and they are found as 
glucuronides, sulphates, methylated derivatives under metabolic reactions. In some 
studies; positive health effects of phenolic compounds were based on these conjugate 
forms. Lactase and beta-glucosidase are responsible for smashing the phenolic 
glycosides. Previous studies showed that aglycons can only passes through the 
intestine wall and enzymes that broke the β- glycosidic bonds are excreted from 
stomach-intestine and intestine walls. However, further studies proved that 
glycosides and aglycones, together, participate in the circulation system after small 
intestine. Anthocyanins, in opposite, directly participate in the circulation system 
after digestion without conjugation (Şengül, 2012). 
In a study; rats were fed with 2.77 mL raspberry juice for 24 h. In respect of results, 
anthocyanins were stable in stomach conditions for 1 hour and after that they 
degraded; in urine they were detected really low amounts ranging from 0.7 to 4.3 
nmoles. Anthocyanins were stable for 3 hours and the most stable one was cyanidin-
3-glucosilrutinosidase (Borges et al. 2007). 
Raspberry and bilberry anthocyanins were injected into rats and mice at < 0.1% 
levels and the recovery in urine was detected as 1-22% for raspberries and 0.6-2.45 
% for bilberry(Rio et al. 2010). Another study  determined metabolism of black 
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raspberry anthocyanins in humans and the dose applied was 2.69 g/day. Plasma peak 
level was observed in 2 hours after consumed orally and methylated derivatives and 
intact anthocyanins were determined in urine after 4-8 hours. Absorbed anthocyanins 
were less than 0.1% and excreted in urine (Wang et al. 2008). 
Perez-Vicente et al. determined bioavailability of anthocyanins, phenolic compounds 
and vitamin C in pomegranate juice. They reported that the highest amount of 
phenolic compounds was 29% during digestion. Anthocyanins and vitamin C 
degraded at about 97%  and 95%, respectively and anthocyanins transformed into 
non-red compounds under different pH. In respect of  HPLC results; six 
anthocyanins described as delphinidin 3-glucoside (5.1%), delphinidin 3,5-
diglucoside (18.2%), cyanidin 3-glucoside (27.1%), cyanidin 3,5-diglucoside (41%), 
pelargonidin 3-glucoside (5%), and pelargonidin 3,5-diglucoside (3.4%) and the total 
amount of anthocyanins was 141 mg/L of fresh juice. Overall, total anthocyanin 
concentration increased 10% due to increase in individual anthocyanin content. After 
pancreatic bile salt digestion they analyzed dialyzed and non-dialyzed fraction and 
the results showed that total dialyzed anthocyanin fraction was 2.4% (3.38 mg/L of 
juice), while the non-dialyzed fraction was 15.3% (21.60 mg/L of  juice). Phenolic 
compounds were found  to be 29% in colon whereas the non-dialyzed fraction is 
lower after in vitro digestion. Losses of vitamin C was analyzed as 29% after post 
gastric digestion and >80% loss was determined after pancreatin bile salt digestion 
(Perez-Vicente et al., 2002). 
In another study, stability and composition of phenolic compounds are determined in 
chokeberry juice by in vitro gastric and pancreatic digestion in the absence of light 
and under N2.  Recovery for total soluble phenolics were analyzed by HPLC-
DAD/HPLC–MS–MS. There was no effect on flavan-3-ols, flavonols and caffeic 
acid derivatives after gastric digestion. There was considerable decrease for 
anthocyanin, flavonols, flavan-3-ols and neochlorogenic acid,  43%, 26%, 19% and 
28%, respectively, whereas chlorogenic acid increased 24%.  Losses of anthocyanins 
and phenolic compounds are based on alkaline conditions in intestine and it is not 
related with digestive enzymes (Bermúdez-Sotob et al. 2007). 
Charron et al. studied plant matrix and acylation effect on bioavailability of acylated 
and nonacylated anthocyanins on the three different purple carrot juice. 
Concentration of anthocyanins were analysed by HPLC-DAD-MS. Assays were 
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carried out in vivo on 10 healthy adults and appearance of anthocyanins were 
measured in plasma for 8 hours. Volunteers consumed 50, 150, and 250 mL of juice 
containing 76 µmol (65 mg), 228 µmol (194 mg), and 380 µmol (323 mg) of total 
anthocyanins, respectively. Acylated anthocyanins comprised 76% of total 
anthocyanins in the juice, their bioavailability was found to be signiﬁcantly less than 
that of nonacylated anthocyanins. Non-acylated anthocyanin contents were found to 
be 4 fold higher than acylated anthocyanins in peak plasma concentrations. They 
claimed that there was no interaction between the plant matrix and acylated or non-
acylated anthocyanins. Acylated anthocyanins were found to be stable than non-
acylated anthocyanins 57.7µmol and 18.3µmol, respectively. 
Fazzari et al. studied on bioavailability of five different cultivars of sweet cherry by 
in vitro digestion method. The % recovery of total phenolics increased while the % 
anthocyanins did not change. Total phenolics were determined as 26-30% in IN 
(serum) fraction and 77-101% in OUT (colon) fraction. The results of total 
anthocyanin content were detected 15-21% for IN and52-67%.  for OUT.Skeena, 
Lapins, and Sweetheart cultivars showed highest results for total phenolics and 
anthocyanins in IN and OUT among the cultivars. They also searched the effect of 
three ripening stages of Bing and Lapins cultivars on bioavailability. Over-mature 
and mature cherries showed lower bioavailability of total phenolics than immature 
cherries in IN fraction because of losses in solid content (Fazzari et al. 2008).  
McDougall et al. focused on stability of red wine anthocyanin under gastrointestinal 
digestion. They were found to be stable to gastric conditions whereas small losses 
were observed in total phenolic content. 3-O-glucosides of malvidin, peonidin, 
petunidin, delphidin and cyanidin. Coumaroylated-glucoside derivatives of malvidin, 
petundin, peonidin, delphinidin and acetylated glucosides of peonidin, petundin and 
malvidin were observed in red wine. However, only malvidin-3-O-glucoside and the 
vitisin A adducts of malvidin-3-O-glucoside, malvidin-3-O-acetylglucoside, 
malvidin-3-O-coumaroylglucoside and peonidin-3-O-glucoside were detected in IN 
and OUT fractions. Malvidin-3-O-glucoside was recovered at 0.2% in the IN fraction 
and 0.9% in the OUT fraction (McDougall et al. 2005b). 
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2.9 Food Matrix Effect on Bioavailability 
Foods which are rich sources of phenolic compounds and anthocyanins have been 
searched for bioavailability. From the studies performed,  it is clear that food 
matrices are affecting the bioavailability. It is important to know these effects to 
determine the actual bioavailability.  
Larkin et al. (2007) studied probiotics or resistant starch effect on bioavailability of 
isoflavones with high soy diet. 12 female and 19 male volunteer attended the study 
for 5 week. They used crossover design and they compared chronic soy consumption 
with soy plus probiotic yogurt or resistant starch in older male and postmenopausal 
females. Sampling was done in urine and plasma. Single chronic soy consumption 
had no effect on isoflavone bioavailability. Daidzein and genistein increased in 
plasma after the probiotic treatment and also their level increased 24 h after soy 
intake with resistant starch treatment. They claimed that these treatments 
significantly affect the isoflavone bioavailability. 
Interaction between α-casein, β-casein and tea polyphenols such as (+) catechin (C), 
(-) epicatechin (EC), (-) epigallocatechin (EGC) and (-) epigallocatechin gallate 
(EGCG) were reported by Hasni et al. (2011). They determined this interaction in 
moleculer level by using FTIR, UV-visible, CD, spectroscopic methods and 
molecular modeling. They determined that the interaction increases with the number 
of OH group in the order of: C ~ EC > EGC > EGCG. They also reported that β-
casein fraction forms stronger bonds than α-casein fraction. 
Arts et al. (2002) studied on the effect of milk addition on antioxidant capacity of tea 
samples. They determined the inhibition of the antioxidant capacity of catechin and 
reported the inhibitory effect of albumin (4.1%) and α-casein (3.5%), whereas the 
masking for β-casein and κ-casein were less. They also claimed the difference 
between α-casein and κ-, β-casein based on large amount of proline groups, which 
have a strong affinity for the hydroxyl groups of catechin. However, according to 
Dupas et al. (2006) addition of milk to the coffee did not affect antioxidant activity 
of coffee. They reported that chlorogenic acid was found 21 - 2%in PG, 17 – 2% in 
IN for skimmed milk and no results were found for semi-skimmed milk. Sharma et 
al. (2008) determined the milk and sugar effects on black tea antioxidant activity. 
They prepared four type of black tea such as plain black tea, black tea with sugar, 
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black tea with milk and black tea with milk and sugar. The highest antioxidant 
activity was seen in black tea, followed by black tea+sugar, black tea+sugar+milk, 
respectively. 
Serafini et al. (2009) studied on blueberry (Vaccinium corymbosum L.) consumption 
with and without milk. 11 healthy volunteer attended the study in a crossover design. 
The diet was designed as 200g blueberry+ 200ml water, 200g blueberry+200 ml 
whole milk and venous samples were collected at 1, 2, and 5h after consumption. In 
respect of results;  blueberries+water increased the plasma level concentrations of 
caffeic and ferulic acids, however addition of milk made no effect in antioxidant 
capacity although milk reduced the absorption of  caffeic acid. 
Saura-Calixto et al. (2007) determined total polyphenols and their bioaccessibility for 
Spanish Mediterrenian Diet which consumes cereals, vegetables, legumes, nuts and 
fruits. They claimed that daily intake of polyphenols for that diets ranged from 2590- 
3016 mg/person/day. Bioaccessible polyphenols were found to be 48% in small 
intestine and 42% in large intestine. 
Biochemical and physiochemical changes of anthocyanins during raspberry digestion 
were determined by using in vitro gastrointestinal model (McDougall et al. 2005).  
They observed the results as serum sample after gastric digestion (IN) and OUT 
sample, which represents the material that remains in the GIT and passes through  
the colon. According to results; 5% anthocyanin passed to IN sample and 70% of 
total anthocyanins were recovered in the IN and OUT. They also studied on food 
matrices effect on bioavailability. Raspberry was combined with bread, breakfast, 
cereal, ice cream and cooked minced beef. They grinded the selected food and co-
digestion with raspberry was performed. Total phenol content reduced by co-
digestion with ice cream and breakfast cereal, whereas no effect was observed by 
bread and minced meat. Phenolic content was also found lower than expected values 
in OUT and PG samples. The anthocyanin content was not affected or in some cases 
it increased. 
Bioavailability of pelargonidin-3-O-glucoside was studied in strawberry with and 
without cream by in vivo method. Plasma and urine samples were collected for 24 
hours. However, no significant difference was found between cream-strawberry and 
single strawberry for 24 hours while decreasing in anthocyanin quantity was 
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observed for single strawberry for 0-2 h, reverse occurred during the 5-8h of 
excretion period (Mullen et al. 2008). 
A theory was suggested about health benefits of lycopene which has highly found in 
tomato products. The study was performed with tomato products + extra virgin olive 
oil and tomato products   sunflower oil by using in vivo model. 6 volunteers 
consumed tomato and its products for 5 weeks. In respect of results, sunflower oil 
did not have any effect on antioxidant activity of tomato and tomato products 
whereas consumption of olive oil had significantly increased the plasma antioxidant 
activity (Lee et al. 2000). 
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3.  MATERIALS AND METHODS  
3.1 Materials 
Sour cherry samples were obtained from local markets. Sunflower oil, non-fat milk 
(0.1%), lean meat, bread, non-fat yoghurt (0.15%), prebiotic yoghurt, apple, lemon 
juice which was obtained directly lemon, honey, soy milk, cream and boiled soy 
bean were used for creating food matrices and they were also bought from 
supermarket. Moreover; some of food compounds were taken from different 
suppliers; wheat protein -Doruk Marmara Un Sanayi A.Ş, soy protein - Royal Gıda 
Dağıtım Paz. San. İç ve Dış Tic. Ltd. Şti., milk protein – Milkon Sanayi A.Ş., meat 
protein was obtained under laboratory circumtances by meat protein isolation and 
also other chemicals were obtained from different companies; lactose, fructose, 
galactose and glucose – Sigma-Aldrich Chemical Company (Steinheim, Germany), 
salt - Merck Chemical Company, vitamin C – Sigma-Aldrich Chemical Company 
(Steinheim, Germany), starch (wheat starch) was obtained from supermarket and  
cooked starch was prepared under laborotary circumtances, vitamin E was also 
obtained from BASF Chemical Company (Ludwigshafen, Germany), linoleic acid 
Fluka Chemical Company (Buchs, Switzerland), cellulose Sigma-Aldrich Chemical 
Company (Steinheim, Germany), citric acid Merck Chemical Company and pectin 
Sigma-Aldrich Chemical Company (Steinheim, Germany) for creating food matrices. 
3.2  Chemicals 
Methanol (≥99.9%), formic acid  (≥98%), sodium carbonate (Na2CO3), sodium 
hydroxide (NaOH), hydrochloride acid (37%), sodium acetate trihydrate 
(CH3COONa.3H2O) and trifluoroasetic acid (99%) were obtained from Merck KGaA 
(Darmstadt, Germany). 
Gallic acid (≥98%), Folin-Ciocalteu phenol reagent, ethanol (≥99.8%), pepsin 
enzyme, pancreatin enzyme, bile salts, acetonitrile (99.8%) and sodium bicarbonate 
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were taken from Sigma-Aldrich Chemie GmbH (Steinheim, Germany) and also 
potassium chloride (KCl) was obtained from Riedel-de Haen Laborchemikalien 
GmbH (Hanover, Germany). HPLC standards such as gallic acid (≥99%), kuromanin 
chloride (cyanidin 3-O-glucoside, ≥96%) were obtained from Extrasynthese (Genay, 
France) and the other standard chlorogenic acid (≥98%) were taken from Fluka 
Chemie (Buchs, Switzerland) and also quercetin-3-β-D-glucoside (≥98%), 
callistephin chloride (pelargonidin 3-O-glucoside) were purchased from Sigma-
Aldrich Chemie GmbH (Steinheim, Germany).  
3.3 Methods 
In vitro digestion method was performed with sour cherry which has really high 
antioxidant capacity and the other food materials. Sampling was done as post gastric 
(PG), serum (IN), and colon (OUT). All the analyses were performed for each 
fraction. Total phenolic content by Folin-Ciocalteu method, anthocyanin content by 
pH differential method, antioxidant activity by DPPH method were determined by 
spectrophotometric methods and also anthocyanin and phenolic compound profile 
and their quantities were defined by HPLC analysis.   
3.3.1 Preparation of food compounds and the other food materials 
Sunflower oil, non-fat milk (0.1%), lean meat, bread, non-fat yoghurt (0.15%), 
prebiotic yoghurt, apple, lemon juice which was obtained directly lemon, honey, soy 
milk, cream and boiled soy bean were determined as food materials that digest with 
sour cherry. Sun flower oil, non-fat milk (0.1%), bread, non-fat yoghurt (0.15%), 
prebiotic yoghurt, lemon juice, honey, soy milk and cream were added directly 
without applying any pre-process. Lean meat was obtained from 100 g lean minced 
meat which was cooked over medium heat for 20 minutes. Bread was crumbled and 
added without crust, and also apple was peeled and chopped.  Soybean was also 
boiled over medium heat for 20 minutes. Wheat starch was cooked until 80 ˚C after 
that left cooling for 5 minutes to obtain gelatinization of starch. Meat protein 
isolation was performed according to Santiago et al., (2005). 5 g salt (NaCl), 0.7 g 
tripolyphosphate and 30 g ice were added on 100 g raw lean meat and all the 
ingredients were mixed until obtaining homogenized mixture.  Meat protein isolation 
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which was prepared by using 100 g meat includes 2.2% soluble meat protein 
(Santiago et al., 2005). 
3.3.2 Preparation of sour cherry samples 
Sour cherry samples were milled under liquid nitrogen by using grinder (IKA, 
Germany). Grounded samples were stored at – 80˚C. 
3.3.3 Extraction 
Extraction was only applied for determining the differences on phenolic and 
anthocyanin content between bioavailability samples and sour cherry extraction 
samples. Extraction procedure was adapted from Bino et al. (2005). Sampling was 
done duplicate. 1 g grounded sample was weighed to test tubes under liquid nitrogen. 
5 ml of 75% methanol:water solution with 0.1% formic acid was added to each tube 
and they mixed for 1 minute. Then the samples were sonicated for 15  minutes in 
ultrasonic water bath (Ultrasonic Cleaner-VWR) after that they were centrifuged 
(Universal 32, Hettich Santrifugen Andreas Hettich GmbH Co, KG, Tuttlingen, 
Germany) at 4000 rpm under 4˚C and the extraction procedure was repeated 4 times 
for each parallels with fresh solvent. Sample extracts were stored at -20˚C until 
performing the analysis. 
3.3.4 In Vitro digestion method 
Absorbtion, metabolism, distribution in tissue and and organs of phytochemicals 
were necessary to evaluate potential bioavailability. Studies on humans and animals 
are not preferred because of being expensive, complicated and ethical restrictions 
(Guven et al., 2010).  Despite to all, in vitro digestion method is rapid and easy for 
evaluating phytochemical stability in processed food (McDougall et al., 2005a). In 
vitro digestion method was first modified by Miller et al. in 1981. They compared 
iron content in IN fraction and iron content in serum with in vivo study. Then this 
method adapted for determining bioavailability of phenolic compounds and 
anthocyanin content and used in some studies; orange juice by Gil-Izquierdo et al., 
(2001), pomegranate juice by Perez-Vicente et al., raspberry and red wine by 
McDougall et al., (2005a, 2005b) and frozen cherries by Fazzari et al., (2008). The 
other food materials also performed by this method such as raspberry – bread, ice 
cream – cooked meat (McDougall et al., 2005). 
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Bioavailability procedure was adapted from McDougall et al., (2005a). This method 
have two steps; gastric fraction and small intestine fraction. Pepsin – HCl was 
applied for gastric condition and waited for 2 h at 37˚C in water bath and as a second 
step it was the same for bile salts and pancreatin.  
 
 
 
 
 
 
 
Figure 3.1 : Potential bioavailability in vitro digestion method 
Differences between simple consumed food materials and food matrices were 
determined by in vitro digestion method. 5 g ground sour cherry was weighed to 250 
ml beaker and 5g cooked lean minced meat, bread, non-fat yoghurt (0.15%), 
prebiotic yoghurt, apple, honey, cream, boiled soybean were added separately. After 
that 20 ml water was added and homogenized mixture was created. Sun flower oil, 
non-fat milk, lemon juice and soy milk was added 5 ml because of being liquid and 
the water amount was 15 ml for obtaining homogenized mixture. 1 g ground sour 
cherry sample was weighed to 250 ml beaker for food component combination and 5 
g food component (wheat protein, soy protein, milk protein, meat protein, lactose, 
fructose, galactose, salt, vitamin C, starch (wheat starch), cooked starch, vitamin E, 
linoleic acid cellulose, citric acid, pectin) were added separately. After adding water 
315 units/ml pepsin was supplemented. 0.01 g pepsin was dissolved in 0.1 N HCl 
and 1.5 ml pepsin which is equal to 315 units/ml was taken from this solution. Ph 
was also adjusted to 1.7 by using 5 N HCl. These samples were waited for 2h at 100 
rpm, 37˚C in water bath. After gastric digestion, 2 ml sample was taken from PG to 
eppendorf tubes and stored at - 20˚C  after centrifugation at 18000 rpm, 4˚C. 4.5 ml 
pancreatin solution taken from 4 mg/ml pancretain solution and 4.5 ml bile salt 
solution taken from 25 mg/ml bile salt solution were added and mixed. 20 cm 
Preparation of samples 
(+20 ml water) 
 
Gastric Digestion 
(Pepsin was added and pH was adjusted to 1.7 (2 h at 37˚C)   PG 
 
Small intestine digestion 
 
Pancreatin and bile salts were added and dialysis tubing was used (2 h at 
37˚C) 
1.  IN was obtained from inside of dialysis tubing 
2.   OUT was outside of dialysis tubing 
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dialysis tube (molecular mass limit, 12 kDa) was washed with distilled water for 
opening and 20 ml 1 M NaHCO3 added to dialysis tube and tied for both side and 
these samples were waited for 2h at 100 rpm, 37˚C in water bath. After digestion, 
OUT and IN samples were collected to test tubes after centrifuging at 18000 rpm, 
4˚C and test tubes were stored -20˚C for analyses. In vitro digestion procedure was 
applied both single and sour cherry-food materials / food compounds due to 
determine changes between food matrix and single combinations. 
3.3.5 Spectrophotometric Analyses 
3.3.5.1 Total phenolic content 
Folin – Ciocalteu method is commonly used to determine phenolic content, however, 
it is not only used for measuring phenolic compounds, non-phenolic compounds such 
as inorganic compounds, organic acids, vitamin C and Cu (I)  can also react with this 
reagent.  
Folin – Ciocalteau was carried out from Velioğlu et al. (1998). 750 µl Folin-
Ciocalteu reagent (1:10 diluted with distilled water) was added on the 100 µl 
bioavailability samples and the mixture was vortexed by vorteks minishakers (IKA, 
Germany) for 10 seconds and  750 µl sodium carbonate (Na2CO3) (60 g/L) was 
added to the mixture. After incubating 90 minutes at room temperature by protecting 
from light, samples were measured at 725 nm by UV- visible spectrophotometer 
(Shimadzu UV-1700 UV-Vis). The calibration curve was prepared with gallic acid 
standard solution. The results were expressed in gallic acid equivalents (GAE) per 
100 g of fresh fruit and and reported as mean value ± SD. 
3.3.5.2 Total anthocyanin content 
pH differential method is common, rapid, cheap and suitable for evaluating the total 
anthocyanin content. Total anthocyanin content was measured by the method, as 
described by Kar et al. (2011) in pomegranate juices. Two different wave length (λ) 
520 and 700 nm, pH (1.0 – 4.5) were used to determine monomeric anthocyanin 
content. Monomeric anthocyanins are colorful at pH 1.0 and colorless at pH 4.5. First 
of all, 0.025 M potassium chloride solution (KCl; pH 1.0) and 0.4 M sodium acetate 
solution (CH3COONa.3H20; pH=4,5) was prepared with distilled water and % 37 
HCl solution was used to adjust sodium acetate and potassium chloride solutions to 
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pH 1.0 and pH 4.5. Extracts were diluted with these solutions (2 ml) and incubated 
for 15 minutes at room temperature by protecting from light. Analysis was carried 
out 2 different pH and different wave length, sampling was done triplicate. The 
results were calculated by using equations 3.1 and they expressed as cyanidin-3-
glucoside (cyn-3-gly). 
A = (A520– A700)pH 1.0 –   (A520– A700)pH 4.5       (3.1) 
A = Difference in absorbance 
A520 = Absorbance at 520 nm  
A700 = Absorbance at 700 nm  
The total anthocyanin content was evaluated and expressed using equation 3.2:  
mg cyn-3-gly equivalents/100 g =          (3.2) 
MW: Molecular Weight = 449.2 g/mol for cyn-3-gly 
DF: Dilution Factor 
ε:  Molar Extinction Coefficient = 26900 in Lmol–1 * cm–1 for cyn-3-gly  
 
3.3.5.3 Antioxidant activity 
2,2 diphenyl -1-picrylhydrazyl (DPPH) radical scavenging method  
DPPH is very simple, common and rapid method for evaluating total antioxidant 
activity. DPPH method was adapted from Martos et al. (2011). 0.1 mM of DPPH 
solution was prepared by using 100% methanol. 100 µl of extract was mixed with 2 
ml of DPPH solution. After vortexing for 10 seconds, samples were kept for 30 min 
in the dark, absorbance was read at 517 nm. Standard curve was prepared with 
Trolox in water and the results were expressed as Trolox equivalents (TEAC) per 
100 g of fresh fruit and reported as mean value ± SD. 
2,2-azinobis (3-ethylbenzothiazoline)-6-sulfonic acid (ABTS) analysis method 
ABTS is simple, common and rapid method as DPPH. Analysis of antioxidant 
activity was performed as described by Miller and Rice-Evans (1997). ABTS reagent 
and potassium persulfate solutions (K2S2O8) were prepared by dissolving 200 mg of 
ABTS in 200 ml water and 38 mg of K2S2O5 in 2 ml. These solutions were mixed 
and left for one night to form the radical. 0.05 M buffer solution at pH 8.0 was 
prepared by mixing 0.05 M potassium dihydrogen phosphate (KH2PO4) and 0.05 M 
dipotassium hydrogen phosphate (K2HPO4). ABTS reagent mixture was prepared by 
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mixing ABTS and KPi solution and measuring absorbance at 0.9 ± 0.2. 100 µl of 
extract was taken and 1 ml of prepared ABTS reagent mixture was added and mixed 
for 15 seconds. After waiting for 45 seconds, absorbance was read at 734 nm against 
water blank. Standard curve was prepared with Trolox in 75% met-water involving 
1% formic acid and the results were expressed as Trolox equivalents (TEAC) per 100 
g of dry weight and reported as mean value ± SD. 
3.3.6 HPLC analysis of major phenolic compounds and anthocyanins 
HPLC analysis was adapted from Capanoglu et. al. (2008b) and standard calibration 
curves were prepared by using gallic acid, chlorogenic acid, neochlorogenic acid, 
rutin and kuromanin chloride (cyanidin 3-O-glucoside, cyn 3-O-glu). 50 µl 
trifluroasetic acid was added on bioavailability samples and extracts and they were 
filtered through a 0.45-µm membrane filter and 1 ml of the filtered extract was 
placed into vials and analyzed in a Waters W600 HPLC system with PDA (Waters 
996) and fluorescence (Waters 2475) detectors, for each sample. Luna C18 column 
(Phenomenex) was used as the stationary phase. The mobile phase was including 
solvent A, Milli-Q water with 0.1% (v/v) TFA and solvent B, acetonitrile with 0.1% 
(v/v) TFA. A linear gradient was used as follows: at 0 min, 95% solvent A and %5 
solvent B; at 45 min, 65% solvent A and 35% solvent B; at 47 min, 25% solvent A 
and 75% solvent B; and at 54 min returns to initial conditions. The flow rate was 1 
ml/min. Detections were done at 280, 312, 360, and 512 nm wavelengths. 
Identification was based on the retention times and characteristic UV spectra and 
quantification was done by external standard curves. All analyses were performed in 
duplicate. 
3.4 Statistical Analyses 
The results were analyzed by Statistical Package for Social Sciences software 
program (20th version) by using one way analysis of variance (ANOVA) at 0.05 
significant level and Duncan’s New Multiple Range Test was applied as post hoc 
tests. The differences between all samples; PG, IN, OUT, were evaluated 
statistically. Duncan’s New Multiple Range Test was applied to mean values to 
observe the difference between contents, antioxidant activity or amount of phenolics 
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and anthocyanins (p<0.05). Each analysis was performed in triplicate for each 
sample and the results were expressed reported as mean value ± SD. 
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4.  RESULTS AND DISCUSSION 
In this study; in vitro digestion method was applied on single sour cherry extract, 
sour cherry+food matrices, and sour cherry+food components. Total phenolic 
content, total anthocyanin content and antioxidant activity were determined and the 
results were evaluated statistically.   
4.1 Sour Cherry Analyses  
4.1.1 Total phenolic content 
Total phenolic content results were expressed in mg gallic acid (GAE)/100 g fresh 
fruit. The standard calibration curve of gallic acid is shown in Figure 4.1 that was 
prepared between 0.04-0.4 mg/ml concentration and the equation obtained from the 
curve was used to calculate the absorbance values of the sample measured by UV-
VIS spectrophotometer. 
 
Figure 4.1: Standard calibration curve of gallic acid 
In this study; the total phenolic content of sour cherry extract was determined as 
control. Sour cherry extract was prepared with two different solvent system: 1) 0.1% 
formic acid in 75% methanol:water and 2) 100% water. In addition, in vitro digestion 
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method was also applied to sour cherry directly and the total phenolic content was 
identified for each fraction; PG, IN, OUT. In the study, as an assumption the total 
phenolic content of phenolics in sour cherry that are extracted by methanol was 
accepted as 100%. The results are shown in Table 4.1. 
Table 4.1 : Total phenolic contents and relative comparison of sour cherry extract 
and in vitro digested sour cherry samples. 
 
 
 
Relative 
distribution 
of total 
phenolic 
content (%) 
Total Phenolic 
Content (mg 
GAE/100g fresh 
fruit) 
Sour cherry samples were extracted with 
methanol 
100 287.60±51.18b 
Sour cherry samples were extracted with water 147.56 424.38±10.22a 
Bioavailability of in vitro 
digested sour cherry samples 
PG 176.70 508.19±52.25a 
OUT 86.68 249.28±39.01b 
IN 10.08 28.99± 12.40c 
Loss 79.94  
*PG: Gastric outlet OUT: The fraction passing the large intestine IN: The fraction passing the serum  
The total phenolic content of sour cherry methanolic extract was 287.60±51.18 mg 
GAE/100g fresh fruit, whereas it was 424.38±10.22 for sour cherry extract obtained 
with water. Sour cherry extract obtained with water was also evaluated because water 
is the solvent in digestion system. The relative comparison of water extracted 
samples was found as 147.56% with respect to methanolic extract (100%). 
Moreover, significant difference was determined between the samples (p<0.05). The 
results showed that the lowest level of total phenolic content was observed in IN 
fraction. PG fraction showed the highest total phenolic content in comparison with 
methanolic extract. 
Khoo et al. (2011) studied on 34 different cultivars of sour cherry to determine their 
total phenolic, total anthocyanin content, total antioxidant capacity and human colon 
cancer cell HT-29 poliferation. Sour cherry samples were extracted with water, 
similarly. Total phenolic content was found in the range of 74 ± 2.5 mg - 754 ± 13.4 
- GAE/100 g fresh fruit. Marinova et al. (2005) reported the total phenolic content of 
sour cherry as 429.5 mg GAE/100g fresh mass.  
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The total phenolic content of 13 different sweet cherry cultivars was analyzed by 
Usenik et al. (2008). In respect of results; total phenolic content was ranged between 
62.2 – 74.6 mg/100 g fresh fruit. Fazzari et al. (2008) determined the total phenolic 
content for in vitro digested five different cultivars of sweet cherry samples. Post 
gastric sample similarly showed the highest total phenolic content for five cultivars 
122.7%-127% and for IN and OUT fractions 26% - 30% and 77% - 101%, 
respectively. However, no significant difference was observed for the total 
anthocyanin content. The results of the study is in agreement with the results of this 
research.  
4.1.2 Total anthocyanin content  
Total anthocyanin content was determined both for sour cherry methanolic and water 
extract and sour cherry bioavailability samples. Results were expressed in mg 
cyanidin-3-glucoside (cyn-3-gly)/100 g fresh fruit. Results are shown in Table 4.2. 
Table 4.2 : The total anthocyanin content and relative comparison of sour cherry 
extracts and in vitro digested sour cherry samples. 
 
 
Relative 
comparison 
of total 
anthocyanin 
content (%) 
Total Anthocyanin 
Content (cyn-3-
gly/100g fresh fruit) 
Sour cherry samples were extracted with 
methanol 
100 66.57±2.18a 
Sour cherry samples were extracted with water 16.48 10.97±4.69c 
Bioavailability of in vitro 
digested sour cherry samples 
PG 30.18 20.09±4.62b 
IN 0.63 0.42±0.10d 
OUT 13.90 9.25±0.22c 
Loss 15.65  
 
In respect of results, the highest anthocyanin content was observed for methanolic 
sour cherry extract, whereas the lowest was determined in IN fraction. Anthocyanins 
are known to be stable in acidic conditions, due to this reason PG was found as the 
highest fraction with respect to others. It is clear from this study that anthocyanins 
are not stable in serum and colon.    
Khoo et al. (2011) investigated the 34 different cultivars of sour cherry. They 
reported the total anthocyanin content was ranging between 21±0.5-285±3.1 mg 
Malvin equivalent/100 g fresh fruit. On the other hand, 13 cultivars of sweet cherry 
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were analyzed by Usenik et. al. (2008). The results were found between 0.01-0.99 
cyn-3-gly/100g fresh fruit.  
Chaovanalikit et al. (2004) determined the total anthocyanin content of different sour 
cherry cultivars. The results were expressed in cyn-3-gly/100 g fresh fruit and results 
were observed as Bing 29.7±2.3, Royal Ann 0.5±0.2, Rainer 0.5±0.04, Montmorency 
8.7±0.8, respectively.  
4.2 Antioxidant Capacity  
4.2.1 Antioxidant capacity by DPPH method 
The antioxidant capacity was determined by DPPH method for sour cherry 
methanolic extract, sour cherry bioavailability samples and sour cherry extract with 
water. Standard calibration curve was prepared for DPPH by using Trolox and it is  
shown in Figure 4.2. The results were expressed as mg TEAC/100 g fresh fruit. The 
standard calibration curve was prepared between 0.02-0.4 mg/ml concentrations and 
the equation obtained from the curve was used to calculate the absorbance values of 
the sample measured by UV-Vis spectrophotometer. The results are shown in Table 
4.3. 
 
Figure 4.2: Standard calibration curve of Trolox for DPPH method. 
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Table 4.3 : Antioxidant activity by DPPH and relative comparison of sour cherry 
extracts and in vitro digested sour cherry samples. 
 
 
Relative 
comparison of 
antioxidant 
activity (%) 
Antioxidant 
activity (mg 
TEAC/100g fresh 
fruit) 
Sour cherry samples were extracted with 
methanol 
100 
1318.19±76.70a 
 
Sour cherry samples were extracted with water 35.29 465.23±78.38
b
 
Bioavailability of in vitro 
digested sour cherry samples 
PG 106.06 1398.05±10.59a 
IN 6.52 85.99±0.86c 
OUT 2.76 36.42±8.74c 
Loss 96.78  
*PG: Gastric outlet OUT: The fraction passing the large intestine IN: The fraction passing the serum 
The antioxidant activity in sour cherry methanolic extract was 1318.19±76.70, while 
it was 465.23±78.38 for the sour cherry extract with water. Sour cherry PG fraction 
gave the highest antioxidant activity, however no significant difference was observed 
between the PG and methanolic extract. The loss in antioxidant activity was 
considerably important. 
Khoo et al. (2011) determined the antioxidant activity of 34 different cultivars of 
sour cherry. They evaluated the antioxidant capacity by ABTS method and the 
results were observed between 9±3.1-63±7.5 µmol TEAC/g fresh fruit.  
Usenik et al. (2008) determined the antioxidant activity by DPPH method for 13 
sweet cherry cultivars. They expressed the results in mg ascorbic acid equievalents 
/100g fresh weight. The results ranged between 7.99±0.38-17.2±0.30 mg 
AEAC/100g FW.  
Blando et al. (2004) determined the antioxidant capacity of 4 cultivars of sour cherry 
by both ORAC and ABTS methods. ABTS results were 2000-2600 µmol 
TEAC/100g Fresh weight and 1145-1196 µmol TE/100g fresh weight was found for 
ORAC results.  
It is really hard to find the close results for the antioxidant activity after in vitro 
digestion as none of the studies mentioned used this method.  
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4.2.2 Antioxidant capacity by ABTS method 
Antioxidant capacity was also determined by ABTS method for sour cherry 
methanolic extract, sour cherry bioavailability samples and sour cherry extract with 
water. Standard calibration curve of Trolox is shown in Figure 4.3. Results were 
expressed as Trolox equivalents (TEAC) per 100 g of fresh weight. The standard 
calibration curve was prepared between 0.01-0.09 mg/ml concentration and the 
equation obtained from the curve was used to calculate the absorbance values of the 
sample measured by UV-Vis spectrophotometer. The results are shown in Table 4.4. 
 
Figure 4.3: Standard calibration curve of Trolox for ABTS method 
 
Table 4.4 : Antioxidant activity and relative comparison of sour cherry extracts and 
in vitro digested sour cherry samples. 
 
 
Relative 
comparison of 
antioxidant 
activity (%) 
Antioxidant 
activity (mg 
TEAC/100g fresh 
fruit) 
Sour cherry samples were extracted with 
methanol 
100 
 
74.41±6.65 
 
Sour cherry samples were extracted with water   
Bioavailability of in vitro 
digested sour cherry samples 
PG 1064.96 792.39±49.05 
IN 93.60 69.65±10.09 
OUT 694.33 516.62±37.00 
Loss 277.03  
*PG: Gastric outlet OUT: The fraction passing the large intestine IN: The fraction passing the serum 
The antioxidant activity by ABTS for methanolic extract was 74.41±6.65 mg 
TEAC/100 g fresh fruit. The results showed that antioxidant activity of flavonoids 
were higher in in vitro conditions. Antioxidant activity for PG was ten times higher 
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than methanolic extract and the lowest value was obtained in IN conditions. Loss 
was considerably important.  
Serra et al. (2011) studied on evaluation of antioxidant activity of traditional Portugal 
cherries in in vitro conditions. They used oxygen radical absorbance capacity 
(ORAC) method. They reported the results in the range of 66±5-177±7 µmol 
TEAC/g dry weight. Results were consistent with this study.  
Antioxidant properties of sour cherry cultivars was determined in a study (Piccolella 
et al. 2008).  They reported that antioxidant activity of sour cherry was 76.3±1.8µg 
TEAC/100 ml for DPPH method and 71.7±1.0 µg TEAC/100 ml for ABTS method. 
In comparision with ABTS  and DPPH methods, significant correlation was found 
between the results for methanolic extract. The same results were obtained for PG, 
IN and OUT samples.  
4.3  Major Individual Phenolic Compounds 
The major individual phenolic compounds and anthocyanins of sour cherry  were 
determined by HPLC method for sour cherry methanolic extract, sour cherry 
bioavailability samples and sour cherry extract with water. The calibration curves of 
standards were given in appendixes. The results were  shown in Table 4.5 and 4.6. 
HPLC chromatograms of sour cherry extracts and in vitro digested sour cherry 
samples were shown in Figure 4.4 and Figure 4.5. 
 
 
Figure 4.4: Representative HPLC chromatograms of sour cherry methanolic extract  
at 280  nm 1: Gallic acid 2: Neocholorogenic acid 3: Chlorogenic acid 4: 
cyanidin-3-rutinoside (Bonerz et al., 2007) 5: Cyanidin-3-O- glucoside 
6: Rutin 
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Figure 4.5: Representative HPLC chromatograms of sour cherry aqueous extract           
at 280 nm 1: Gallic acid 2: Neocholorogenic acid 3: Chlorogenic 4: 
Cyanidin-3-(2
G
-glucosylrutinoside) (Bonerz et al., 2007; Chandra et al., 
2001) 5: Cyanidin-3-O- glucoside 6: Rutin 
Table 4.5 : The major individual phenolic compounds of sour cherry extracts and in 
vitro digested sour cherry samples. 
 
 
Gallic Acid Neochlorogenic 
Acid 
Chlorogenic 
Acid 
Rutin 
Sour cherry samples 
were extracted with 
methanol 
8.90±0.83a 17.26±1.67b 85.04±6.00a 24.43±1.34a 
Sour cherry samples 
were extracted with 
water 
0.41±0.10b 8.47±2.96c 2.60±1.48c 0.00±0.00b 
Bioavailability 
of in vitro 
digested sour 
cherry 
samples 
PG 0.03±0.04b 27.34±0.19a 10.05±0.1b 22.31±0.15a 
IN 0.32±0.42b 0.10±0.02d 0.32±0.17c 0.00±0.00b 
OUT 0.74±0.04b 0.50±0.07d 1.00±0.09c 0.00±0.00b 
*PG: Gastric outlet OUT: The fraction passing the large intestine IN: The fraction passing the serum 
The results show that the solubility of phenolic acids in methanol solution is 
significantly higher than aqueous solution. The highest gallic acid results were 
observed for methanolic extract. However, higher bioavailability of gallic acid in 
serum (0.32±0.42) and colon (0.74±0.04) than post gastric was observed. Gallic acid 
is not resistant to acidic conditions according to results. Neochlorogenic acid showed 
the highest result 27.47±0.19 in PG fraction due to acidic condition. The 
bioavailabity is significantly lower in IN condition for all phenolic acids. 
Degradation could take place in IN and OUT conditions in respect of losses in values  
(97.8%). Kim et al. (2005) reported neochlorogenic acid value in the range between 
6.74 – 27.79 mg/100g in different species of sour cherry. Cholorogenic acid result 
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was extremely higher (about eight fold) than post gastric condition. Loss (86.8%) 
was calculated and it shows that some degradation could occur to some extent after 
gastric digestion. Rutin is not soluble in water so no peak was identified in IN and 
OUT condition. The result in methanolic extract and PG sample was closer so acidic 
condition may effect the polarity and increase the solubility in water. Kim et al. 
(2005) studied on analytical characterization of different sour cherries and they 
reported the chlorogenic acid level as 0.58 – 5.77 mg/100g. 
The results are in accordance with the literature. Jakobek et al. (2009) reported the 
major phenolic acids as chlorogenic acid> rutin> neochlorogenic acid. In this study, 
gallic acid was also found except from the literature findings based on different 
species.  
There is also limited study about bioavailability in the literature. Moreover, it is hard 
to find studies about the sour cherry bioavailability. 
Table 4.6 : Results for the major anthocyanins in sour cherry extracts and in vitro 
digested sour cherry samples. 
 
 
Cyanidin-3-O- 
glucoside 
Cyanidin-3-(2G-
glucosylrutinoside) 
Sour cherry samples were extracted 
with methanol 
15.67±0.57a 8.90±0.83a 
Sour cherry samples were extracted 
with water 
0.70±0.24c 0.41±0.10b 
Bioavailability of in vitro 
digested sour cherry samples 
PG 6.56±0.11b 0.05±0.04 b 
IN 0.02±0.01c 0.24±0.02 b 
OUT 0.00±0.00c 0.75±0.04 b 
*PG: Gastric outlet OUT: The fraction passing the large intestine IN: The fraction passing the serum 
Anthocyanin solubility in water is consiriderably lower than in methanolic solution. 
However, acidic condition affected the bioavailability of anthocyanins positively but 
the degradation of anthocyanins is obvious after gastric digestion.  Kirakosyan et al. 
(2009) reported the amount of Cyanidin-3-O-glucoside in the range of 7 - 133 
mg/100g and Cyanidin-3-(2G-glucosylrutinoside) 3.36 mg/100g - 125.87 mg/100g for  
processed (frozen and dried) Hungarian sour cherries. Kim et al. (2005) reported 
Cyanidin-3-O-glucoside between 88.95 – 227.66 mg/100g and Cyanidin-3-(2G-
glucosylrutinoside) between 1.43 - 12.06 mg/100g in different variaties of Hungarian sour 
cherry. Turkish sour cherry contains higher Cyanidin-3-O-glucoside in comparision with 
Hungarian sour cherries according to literature, however Cyanidin-3-(2G-
glucosylrutinoside) level is similar. 
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4.4 Food Matrix Effect on Sour Cherry Bioavailability 
In vitro digestion method was applied in order to determine bioavailability of sour 
cherry when co-digested with other foods. Changes in total phenolic content, total 
anthocyanin content and antioxidant activity of sour cherry and the other foods such 
as sunflower oil, milk, cooked meat, bread, yogurt, probiotic yogurt, apple, lemon 
juice, honey, soy milk, cream and soybean milk was also evaluated. These foods 
were mixed at certain levels with sour cherry and total anthocyanin content, total 
phenolic content, antioxidant activity was determined for both single materials and 
after co-digesting with sour cherry.   
4.4.1 Total phenolic content 
Total phenolic content results were expressed as mg gallic acid (GAE)/100 g fresh 
fruit for each sample. The standard calibration curve of gallic acid which was 
prepared between 0.04-0.4 mg/ml concentration is shown in Figure 4.6 and Trolox 
was prepared in 100% water.  
 
Figure 4.6: Standard calibration curve of gallic acid 
Potential changes in phenolic compounds in sour cherry after co-digestion with other 
foods were determined and results are given in Table 4.7. Expected values are 
theoretically summed values of each food and sour cherry in case of digesting each 
as single material. Found values are the real results measured after co-digestion of 
sour cherry and foods together. Expected (E) and found (F) values are evaluated to 
define food matrix effect. 
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Table 4.7 : Changes in total phenolic content of sour cherry after co-digestion with 
other foods. 
 
PG  IN  OUT 
(mg GAE/100 g fresh fruit) 
%Loss %Loss %Loss 
SC+Sun-
flower Oil 
F 383.93±25.77cde 
-26.24 
35.88±4.62bcd 
-5.22 
179.25±37.22e 
-31.57 
E 520.53±53.80 37.86±12.63 261.93±38.61 
SC+Milk 
F 433.34±36.10bcd 
-23.71 
46.43±6.45bcd -
15.29 
436.61±50.97b 
+44.30 
E 567.98±53.35 54.81±13.47 302.57±36.74 
SC+Meat 
F 277.63±1.93g 
-46.89 
75.36±2.59a +53.2
3 
256.29±10.42cde 
-13.65 
E 522.79±51.18 49.18±5.57 295.10±3.25 
SC+Bread 
F 244.98±9.91g 
-58.11 
37.76±0.93bcd -
26.42 
214.00±12.96ef 
-36.17 
E 584.82±58.43 51.32±12.42 270.78±40.53 
SC+Yoghur
t 
F 493.07±34.26b 
-13.94 
56.12±4.04abc 
-3.12 
326.09±7.81c 
+4.92 
E 572.90±52.24 57.93±8.26 310.80±39.92 
SC+ 
Probiotic 
F 419.64±91.72bcd 
-29.68 
57.51±23.57ab +15.4
0 
315.77±42.46cd 
+3.60 
E 596.79±41.01 49.83±18.26 304.81±37.67 
SC+Apple 
F 307.54±6.37efg 
-45.28 
48.25±6.11bcd -
0.008 
302.76±4.09cd 
+17.52 
E 562.04±52.26 48.29±14.51 344.09±4.20 
SC+Lemon 
F 341.69±0.64bc 
-41.22 
48.36±6.02bcd 
-7.8 
213.71±21.81cde 
-26.98 
E 581.31±51.61 52.55±1.94 292.80±38.95 
SC+Honey 
F 466.54±16.65def 
-15.66 
44.29±1.95bcd 
-9.74 
276.81±42.71ef 
-7.60 
E 553.16±49.40 49.07±15.47 299.57±33.46 
SC+ Soy 
Milk 
F 1546.61±47.29a +176.1
1 
36.28±10.97bcd -
25.70 
528.92±16.26a 
+77.96 
E 560.15±48.50 57.29±11.97 297.21±37.91 
SC+Cream 
F 309.36±30.79efg 
-44.00 
34.56±11.32cd -
22.27 
309.36±30.79cd 
-2.16 
E 552.39±57.34 44.46±10.66 316.19±33.06 
SC+Soy 
bean 
F 383.93±25.77g 
-58.46 
32.17±2.04d -
39.71 
113.02±18.42f 
-62.70 
E 572.64±48.42 53.56±13.30 303.00±40.17 
*F: Found value E: Expected value 
In respect of results; oil, meat, bread, apple, lemon and honey had negative effects on 
the bioavailability of phenolic compounds in PG fraction. In IN fraction surprisingly 
meat increased the bioavailability of phenolic compounds whereas bread had 
decreasing effect. However, oil, apple, lemon and honey did not have any results on 
that. Apple, oil and meat decreased the bioavailability of phenolic compounds while 
the others did not have significant effect. In OUT fraction;  soy milk increased the 
bioavailability and also protein containing foods such as milk, yoghurt and 
probiobitic yoghurt had positive effects on phenolic compound bioavailability.  
Serafini et al. (2003) studied on chocolate consumption with milk. Chocolate is rich 
source of (-) epicatechin and it affects its antioxidant activity. However, while it is 
consumed with milk the flavonoid bioavailability was decreasing due to its dual 
bounds between chocolate flavonoids and milk proteins. Roura et al. (2007) also 
studied on milk effect on cocoa polyphenols bioavailability. Their study disputed the 
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previous one and showed that milk had no effect on cocoa polyphenol 
bioavailability. 
Lanley-Evans (2000) studied on semi-skimmed milk effect on dietary polyphenols in 
tea. They claimed that semi-skimmed milk had decreasing effect on bioavailability of 
tea polyphenols. Langley-Evans et al. (2000) searched the effect of milk additions on 
black tea and evaluated the changes in antioxidant capacity by FRAP method.  In this 
study, they used English milky tea preparation procedure. According to results, all 
types of milk had negative effects on antioxidant capacity of black tea. They reported 
that the preparation had significant effect on antioxidant complex mechanisms 
because after milk addition to brewed tea; milk proteins interacted with tea 
flavonoids. In comparison with soy milk and skimmed, semi-skimmed and whole 
milk the main effect was found from not only cow’s milk proteins but also fat. 
Catechin as fat soluble component and also the other reactive oxygen species had 
interaction with fat and as a result negative effect on antioxidant activity could be 
observed. 
Digestion of sour cherry with apple had negative effect on phenolic compounds 
bioavailability for PG and OUT fractions. It was reported in the literature that dietary 
fiber had negative effect on bioavailability of fat, minerals, and some trace elements 
and especially pectin had decreasing effect on β-carotene  bioavailability and 
suspiciously it was thought that it could affect the carotenoid absorption, α-
tocopherol and phenolic compounds (Palafox-Carlos et al. 2011). 
Sour cherry digestion with bread and meat had decreasing effects on PG and OUT 
fractions. These results were also verified by the McDoughall et al. (2005). However, 
no significant difference was observed for OUT fraction.  
In Spanish diet, 2590-3016 mg/day polyphenols were consumed. Absorption of those 
compounds were found to be 48% and 42%. for small intestine and large intestine 
respectively. Most polyphenols could not be absorbed by small intestine whereas the 
bacteria in colon plays role in absorption of polyphenols (Saura-Calixto et al. 2007). 
It is clear that food matrices can definitely effect the pancreatic and stomach 
digestion of polyphenols and anthocyanins. 
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4.4.2 Total anthocyanin content 
Total anthocyanin content of sour cherry after co-digestion is shown in Figure 4.7. 
The changes in total anthocyanin contents were analyzed statistically. The total 
anthocyanin content in sour cherry for pancreatic digestion (PG) was 20.09±4.62 
cyn-3-glu/100 g fresh fruit after pancreatic digestion, total anthocyanin content was 
0.49±0.09 cyn-3-glu/100 g fresh fruit in serum (IN) and 9.10±0.21 cyn-3-glu/100 g 
fresh fruit in colon (OUT).  
In respect of results; soybean consumption with sour cherry had significant positive 
effect on total anthocyanin content. Yoghurt, milk and probiotic yoghurt had 
negative effects on the anthocyanin bioavailability. The main reason of that is 
interaction between milk proteins and anthocyanins as mentioned in the previous 
section. Soybean, lemon, bread, oil, soy milk increased the total anthocyanin content. 
Soy bean and soy milk had similar effect on the bioavailability of phenolic 
compounds so this results showed that isoflavones in soy may be affecting the 
bioavailability of phenolic compounds. There was no significant difference in IN 
fraction however the highest value was observed in sour cherry+honey digestion and 
it was not surprising that SC+Yoghurt and SC+Milk showed the lowest values. In 
OUT fraction, apple increased the total anthocyanin content while lemon and yoghurt 
decreased the level of total anthocyanins. 
Mullen et al. (2008) studied on anthocyanin content of strawberry co-digestion with 
cream. The results showed that pelargonidin-3-glucoside content did not change in 
serum during 0-24 hours however it decreased between 0-2 hours in single material 
strawberry. Pelargonidin-3-glucoside content increased between 5-8 hours during 
consumption of cream because cream increased the time necessary for digestion of 
strawberry. 
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Figure 4.7: Comparison of total anthocyanin content in PG, IN and OUT fractions for sour cherry consumption with the other foods
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4.4.3 Total antioxidant activity  
4.4.3.1 DPPH method 
Total antioxidant activity of sour cherry consumed with other foods were determined 
by DPPH method and the results were expressed as TEAC/100 g fresh fruit for each 
sample. Standard calibration curve of Trolox was prepared for DPPH method as 
shown in Figure 4.8. The standard calibration curve was obtained from 0.002-0.4 
mg/ml concentration and the equation obtained from the curve was used to calculate 
the absorbance values of the sample measured by UV-Vis spectrophotometer. The 
results are shown in Table 4.8. 
 
Figure 4.8: Standard calibration curve of Trolox 
 
According to results; soybean+SC combination was the most stable combination in 
PG condition. It can be explained that polyphenolic compounds are stable under 
acidic conditions and also soybean is rich source of isoflavones. Meat, bread and soy 
milk had strong decreasing effect on antioxidant activity of sour cherry matrices. 
Proteins bound the phenolic compounds, moreover; carbohydrates may also be 
affecting these components. All of the foods except for cream had negative effects on 
the antioxidant activity for IN condition while honey and lemon decreased the 
antioxidant activity significantly. Cream did not have any effect for antioxidant 
activity. However, in OUT fraction all of the combinations had highest value than 
expected values. 
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Table 4.8 : Changes in antioxidant activity by DPPH method for sour cherry after 
co-digestion with other foods. 
 PG IN OUT 
(mg TEAC/100 g fresh fruit) 
%Loss %Loss %Loss 
SC+Sunflowe
r Oil 
F 1816.03±3.54a + 
22.75 
77.26±3.71bc -
36.34 
79.52±13.87ef 
-3.36 
E 1479.49±2.99 92.90±0.86 82.29±12.19 
SC+Milk 
F 
1361.08±2.03b -
10.98 
62.46±11.48
g
 
-
28.28 
134.05±50.20de 
+197.53 
E 1529.02±3.68 87.09±2.42 45.05±13.20 
SC+Meat 
F 588.90±4.94e -
62.40 
30.93±1.76ef -
64.03 
566.20±22.53a + 
1075.16 E 1566.11±23.73 85.99±0.86 48.18±13.23 
SC+Bread 
F 341.10±7.93f -
77.05 
39.81±4.71de -
53.70 
0.00±0.00f 
-100 
E 1485.98±29.05 85.99±0.86 36.42±8.74 
SC+Yoghurt 
F 
1117.74±11.66c -
31.32 
56.86±17.65
cd
 
-
33.87 
381.68±33.41b 
+904.81 
E 1627.37±67.12 85.99±0.86 37.99±10.95 
SC+Probiotic 
F 
1292.66±71.78b -
27.20 
64.64±17.08
bc
 
-
24.82 
216.98±13.22de 
+495.76 
E 1775.54±3.32 85.99±0.86 36.42±8.74 
SC+Apple 
F 
1329.11±62.20b -
17.72 
76.16±12.49
bc
 
-
26.89 
155.27±8.10de 
+168.97 
E 1615.25±19.55 104.17±2.13 57.73±6.62 
SC+Lemon 
F 1329.11±62.20b 
-6.71 
17.66±0.07fg -
79.47 
297.30±47.47bc 
+716.31 
E 1424.77±27.66 85.99±0.86 36.42±8.74 
SC+Honey 
F 916.07±25.33d -
48.41 
0.00±0.00g 
-100 
5.70±8.07f 
-84.34 
E 1775.54±3.32 85.99±0.86 36.42±8.74 
SC+ Soy 
Milk 
F 661.46±5.92e 
-
55.88 
4.40±0.60c 
-
97.65 
33.85±2.12f 
-51.39 E 
1499.25±37.72 
187.19±27.1
9 
69.63±8.74 
SC+Cream 
F 
1340.51±9.10b 
-5.78 
100.18±11.4
9
a
 +8.06 
174.96±6.17d 
+380.41 
E 1422.68±18.12 92.71±2.06 36.42±8.74 
SC+Soy bean 
F 1424.54±138.97 
b
 -0.02 
59.14±8.45cd -
31.22 
266.86±27.14c 
+632.74 
E 1424.77±27.66 85.99±0.86 36.42±8.74 
*F: Found value E: Expected value 
In comparison with expected and found values, oil had protecting effect in PG. 
However, foods that contain protein had significant positive effects on OUT 
conditions while they decreased the bioavailibility in PG and IN fractions. Cream as 
high oil containing food, had positive effect in IN and OUT, but sunflower oil had 
only positive effect on PG fraction. Soy milk and soybean which are good sources of 
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isoflavones had negative effects in PG and IN conditions. It could be assumed that 
isoflavones are not stable in PG and IN conditions. Lemon had also negative effect in 
PG and IN. Citric acid accelerated the decomposition of anthocyanins and phenolic 
compounds in acidic conditions. 
Arts et al. (2002) studied the interaction between polyphenols and proteins and their 
effects on antioxidant capacity. They used the ABTS method and they reported the 
proteins were masking antioxidant capacity level; albumin 4.1%, β-casein 3.5%, 
respectively.  
Kähkönen et al. (2003) determined the effect of lipid-containing model on 
anthocyanidins, pelargonidin, cyanidin, delphinidin, peonidin, petunidin, and 
malvidin, and their glycosidic forms of antioxidant activity by using DPPH method. 
They claimed that most of anthocyanins were stable in emulsified methyl linolate 
(MeLo) and low-density lipoprotein. However, anthocyanins and anthocyanidins 
showed lower antioxidant activity in MeLo which was oxidized at 40˚C. They also 
reported that it is important to know anthocyanin stabilization in LDL model and as 
well as oil model. In that study, cream+SC combination was the most stable in IN 
fraction due to oily system. 
4.4.3.2  ABTS method 
Antioxidant capacity was also determined by ABTS  method for food materials that 
are digested with sour cherry. Standard calibration curve of Trolox was shown in 
Figure 4.9 and the results were expressed as mg Trolox equivalents (TEAC)/ 100 g 
of fresh weight. The standard calibration curve was prepared between 0.01-0.09 
mg/ml and the equation obtained from the curve was used to calculate the absorbance 
values of the sample measured by UV-Vis spectrophotometer. The results were 
shown in Table 4.9. 
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Figure 4.9: Standard calibration curve of Trolox 
In respect of results; in comparison with sour cherry as control; lemon  had positive 
effect on antioxidant activity and showed 2.5-fold higher bioavailability than sour 
cherry for PG fractions. The main reason for positive effects of lemon is that 
anthocyanins are stable in acidic conditions. The lowest value was observed in 
milk+SC combination in PG due to  interaction between polyphenols and proteins.  
In IN fraction, meat was 2-fold higher than control (148.53±19.56 mg TEAC/100 g 
fresh fruit, 69.65± 10.09 mg TEAC/100 g fresh fruit), respectively. Honey, lemon, 
sour cherry, oil and apple showed the lowest bioavailability between the other 
combinations and no significant difference were found between those materials 
(p>0.005). 
In OUT fraction, soybean gave the highest results between the other samples. 
However, lemon showed the lowest bioavailability when in combination with sour 
cherry. Citric acid accelerated the decomposition of phenolic composition. This 
decomposition could be also affected by heating during the assay. No significant 
difference was found between soy milk, probiotic yoghurt, oil and sour cherry 
(p>0.005). 
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Table 4.9 : Changes in antioxidant activity by ABTS method for sour cherry after 
co-digestion with other foods. 
 PG IN OUT 
(mg TEAC/100 g fresh fruit) 
% Loss % Loss % Loss 
SC+Sun-
flower Oil 
F 910.14±161.06cde 
-29.62 
66.51±10.46e 
-38.62 
322.03±8.40g 
-85.19 
E 1293.11±23.83 108.35±10.13 
2051.95±173.6
9 
SC+Milk 
F 995.42±12.67bcd 
+1.23 
102.58±1.34 cd 
-47.54 
582.86±47.68de 
-15.07 
E 983.34±49.22 195.53±13.83 710.83±34.68 
SC+Meat 
F 1262.32±192.58b 
-17.21 
148.53±19.56a 
-25.40 
755.96±66.43b 
-62.46 
E 1524.65±20.67 199.10±11.16 1997.56±23.23 
SC+Bread 
F 1042.21±12.32
bc
d
 -10.91 
131.79±22.98a
b
 -9.61 
666.12±81.10bc 
-32.59 
E 1169.90±13.85 145.81±13.51 1008.35±28.58 
SC+ 
Yoghurt 
F 986.52±250.12
bc
d
 
-53.47 
102.01±4.09cd 
-56.20 
641.65±20.25c 
-61.93 
E 2120.10±34.26 232.90±5.32 
1494.66±270.0
6 
SC+ 
Probiotic 
F 833.87±9.60cde 
-36.64 
139.50±22.14a
b
 
-23.45 
525.34±6.53de 
-50.73 
E 1316.16±67.40 182.24±28.54 1106.91±57.63 
SC+Apple 
F 767.92±12.09de 
-7.86 
68.34±1.68 e 
-31.70 
434.35±15.60ef 
-15.72 
E 833.39±46.24 100.06±6.31 541.86±37.50 
SC+Lemon 
F 873.57±78.21a +105.7
0 
73.18±1.42e 
-40.40 
201.62±24.20h 
-64.61 
E 1796.92±12.17 122.78±11.16 592.18±31.68 
SC+Honey 
F 866.25±124.76cde 
-3.59 
64.71±19.31e 
-41.32 
390.01±9.77fg 
-37.04 
E 898.47±45.99 110.28±3.37 673.05±75.81 
SC+ Soy 
Milk 
F 698.07±172.40e 
-29.22 
78.27±0.35de 
-58.28 
334.76±19.52fg 
-49.69 
E 986.27±55.57 187.60±3.27 693.93±40.39 
SC+Cream 
F 1050.56±28.57
bc
d
 -13.61 
113.29±2.03 bc 
-27.51 
589.12±6.05de 
-54.12 
E 1216.00±39.12 156.29±7.99 1315.30±44.27 
SC+Soy 
bean 
F 1058.97±54.71bc 
-9.04 
125.00±5.71abc 
-36.18 
858.65±102.45a 
+0.68 
E 1164.17±26.74 195.85±8.00 913.77±86.11 
*F: Found value E: Expected value 
In the evaluation of found and expected results, honey and milk protected their 
antioxidant activity under food matrices effect. However, all the combinations had 
decreasing effect on antioxidant activity due to interaction between components. 
Especially polyphenols interacts with proteins. Yoghurt showed significant decrease 
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during bioavailability of sour cherry for PG. Rechner et al. (2004) studied on 
phenolic degredation under fermentation. They claimed that polyphenol metobolism 
in colon depends on substrate concentration and residence time, with resultant 
formation of simple phenolics, which can be considered biomarkers of colonic 
metabolism if subsequently absorbed. They also reported that phenolic degradation 
was observed in colon condition. 
4.4.4 Food matrix effect on major individual phenolic compounds 
Major individual phenolic compounds were reported in Table 4.10. Five different 
compounds were detected which are sub group of phenolic acids, flavanols, and 
anthocyanins.  
In respect of results; apple + sour cherry combination had positive effect on 
bioavailability in PG but there was considerable loss in IN and OUT conditions. In 
IN and OUT fraction bread had the highest bioavailability however; gallic acid 
couldn’t detected in combination with soy bean and oil.  
When the chlorogenic acid was evaluated, oil got the highest value in PG (+60 %) 
but it oil could not protect its bioavailability in IN (-26.3%) and OUT (+13%) 
conditions. As mentioned before phenolic acids are more stable in acidic 
circumtances and oil has protecting effect on phenolics. These results are in 
accordance with phenolic acid results.  Milk had the lowest value under PG (-
46.87%) and OUT (-64%) conditions, proteins are binding the phenolic compounds. 
In IN fraction; soybean+sour cherry combination (+78.12%) was the outstanding 
result between the others. However, honey (+380%) had the same evaluation under 
OUT condition.  
Neochlorogenic acid is a sub-group of flavanols. In PG, oil had positive effect on 
bioavailability of neochlorogenic acid. Soybean + sour cherry (+150%) combination 
had positive effect in IN condition however it was the lowest one in PG (-87.13%) 
fraction. 
Rutin is another major flavanol in sour cherry. In PG fraction; oil (+26.40%) had 
protecting effect on bioavailability.  Combinations with milk and meat had the lowest 
values in PG due to interaction with proteins. However, no difference was observed 
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between IN samples. In OUT, honey (+423%) affected the bioavailability of rutin 
positively.  
Table 4.10 : Individual evaluation of phenolic acids under food matrix effect. 
  Gallic Acid Neochlorogenic  
Acid 
Chlorogenic 
Acid 
Rutin 
SC+Sun-
flower Oil 
PG 0.00±0.00b 41.31±0.01a 16.08±0.04a 16.08±0.04a 
IN 0.00±0.00c 0.09±0.08bc 0.28±0.09ab 0.28±0.09ab 
OUT 0.00±0.00c 0.54±0.09bc 1.13±0.08cd 1.13±0.08cd 
SC+Milk PG 0.64±0.15
b
 0.58±0.01d 0.00±0.00d 0.00±0.00d 
IN 0.32±0.02bc 0.13±0.09abc 0.17±0.01ab 0.17±0.01ab 
OUT 0.56±0.19bc 0.01±0.02d 0.36±0.51e 0.36±0.51e 
SC+Meat PG 0.00±0.00
b
 1.72±0.15d 5.12±1.26c 5.12±1.26c 
IN 0.00±0.00c 0.07±0.07c 0.20±0.01ab 0.20±0.01ab 
OUT 0.00±0.00c 0.49±0.01bc 1.00±0.10cd 1.00±0.10cd 
SC+ 
Bread 
PG 0.29±0.41b 19.02±4.68c 5.65±1.23c 5.65±1.23c 
IN 1.11±0.31a 0.08±0.01c 0.65±0.66a 0.67±0.66a 
OUT 2.33±0.01a 0.49±0.01bc 4.82±0.01a 4.82±0.01a 
SC+ 
Yoghurt 
PG 0.44±0.07b 23.58±2.96c 9.31±1.52b 9.31±1.52b 
IN 0.47±0.19b 0.12±0.04abc 0.28±0.08ab 0.28±0.08ab 
OUT 0.46±0.01bc 0.21±0.30cd 0.85±0.14de 0.85±0.14de 
SC+ 
Probiotic 
PG 0.58±0.23b 30.39±1.31b 12.37±0.83b 12.37±0.83b 
IN 0.59±0.35b 0.20±0.01ab 0.44±0.01ab 0.44±0.01ab 
OUT 0.63±0.07bc 0.57±0.01b 1.20±0.08cd 1.20±0.08cd 
SC+Apple PG 31.55±9.88
a
 17.12±14.76c 16.54±2.42a 16.54±2.42a 
IN 0.16±0.05bc 0.17±0.04abc 0.13±0.05b 0.13±0.05b 
OUT 1.38±0.92b 0.46±0.35bc 1.35±0.43cd 1.35±0.43cd 
SC+ 
Honey 
PG 0.57±0.11b 36.54±1.47c 10.27±0.61b 10.27±0.61b 
IN 0.36±0.01bc 0.16±0.01abc 0.35±0.01ab 0.35±0.01ab 
OUT 0.54±0.08bc 2.43±0.12a 4.80±0.25bc 4.80±0.25bc 
SC+ Soy 
Milk 
PG 0.51±0.01b 2.51±0.01d 11.72±0.01b 11.72±0.01b 
IN 0.45±0.07bc 0.12±0.06bc 0.27±0.13ab 0.27±0.13ab 
OUT 1.17±0.90b 0.68±0.07b 1.45±0.08bc 1.45±0.18bc 
SC+ 
Cream 
PG 0.53±0.03b 25.98±3.90c 10.32±2.54b 10.32±2.54b 
IN 0.23±0.01bc 0.17±0.01abc 0.36±0.01ab 0.36±0.01ab 
OUT 0.65±0.02bc 0.61±0.02b 1.32±0.02cd 1.32±0.02cd 
SC+Soy 
bean 
PG 0.00±0.00b 3.52±0.31d 12.24±0.70b 12.24±0.70b 
IN 0.00±0.00c 0.25±0.01a 0.57±0.04ab 0.57±0.04ab 
OUT 0.00±0.00c 0.54±0.03bc 1.90±0.30b 1.90±0.30b 
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In the evaluation of all phenolic compounds, oil has protecting effect on flavanols in 
post gastric condition. Solubility of phenolic compounds is lower in aqueous solution 
so these compounds are showing lower bioavailability. However, the food matrix 
was affected the bioavailability in both ways; positive and negative. It could be 
possible to achieve higher bioavailability of those compounds by consuming 
combinations that affect them positively. 
Two major anthocyanins were detected in sour cherry such as cyanidin-3-O- 
glucoside, cyanidin-3-(2
G
-glucosylrutinoside). The results were shown in Table 4.11. 
According to cyanidin-3-O- glucoside results; apple + sour cherry (+531%) 
combination got the highest value in PG but some loss was observed in IN and OUT.  
Bread had positive effect on bioavailability of cyanidin-3-O- glucoside in IN 
(+362.5%) and OUT (+210.6%) fractions.  Oil and soybean combinations were the 
lowest ones in IN and OUT.  
While the cyanidin-3-(2
G
-glucosylrutinoside) was evaluated, oil and soy bean 
combination showed the highest bioavailability in PG fraction. The same results 
were obdserved in IN but in OUT condition only oil preserved the highest level. No 
significant difference was found between the combinations in IN fraction except oil 
and soy bean. Milk+sour cherry was the lowest one in all fractions due to interaction 
between protein and anthocyanins.  
It is clear that oil has protecting effect on phenolic compounds and anthocyanins. 
Aguilera et al. (2004) was reported the content of vitamin E in sunflower oil 1200 
mg/kg, respectively. This amount is considerably important to protect phenolic 
compounds and anthocyanins during digestion. However, oil has more positive effect 
on cyanidin-3-O- glucoside. Oil has also positive effect on rutin bioavailability. 
However, oil showed the lower bioavailability on cyanidin-3-(2
G
-glucosylrutinoside) 
than cyanidin-3-O- glucoside. It could be based on chemical composition and 
bounds.   
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Table 4. 11 : Individual evaluation of anthocyanins under food matrix effect. 
 Cyanidin-3-O- 
glucoside 
Cyanidin-3-(2G-
glucosylrutinoside) 
SC+Sun-flower 
Oil 
PG 9.31±0.70a 0.05±0.04b 
IN 0.08±0.03a 0.24±0.31bc 
OUT 0.04±0.02a 0.75±0.04bcd 
SC+Milk PG 0.00±0.00e 0.64±0.15
b
 
IN 0.00±0.00b 0.32±0.02bc 
OUT 0.00±0.00c 0.56±0.19bcd 
SC+Meat PG 5.50±0.36cd 0.00±0.00
b
 
IN 0.00±0.00b 0.00±0.00c 
OUT 0.01±0.00bc 0.00±0.00d 
SC+ 
Bread 
PG 5.66±0.86cd 0.58±0.01b 
IN 0.00±0.00b 1.11±0.31a 
OUT 0.00±0.00c 2.33±0.01a 
SC+ 
Yoghurt 
PG 5.76±0.09cd 0.44±0.07b 
IN 0.01±0.01b 0.47±0.19b 
OUT 0.00±0.00c 0.23±0.33cd 
SC+ 
Probiotic 
PG 8.27±0.43ab 0.58±0.23b 
IN 0.01±0.01b 0.59±0.35b 
OUT 0.01±0.01bc 0.63±0.07bcd 
SC+Apple PG 4.64±0.32d 31.55±9.88
a
 
IN 0.00±0.00b 0.16±0.05bc 
OUT 0.00±0.00bc 1.38±0.92bcd 
SC+ 
Honey 
PG 5.87±0.61cd 0.57±0.11b 
IN 0.01±0.00b 0.36±0.01bc 
OUT 0.00±0.00c 0.54±0.08bcd 
SC+ Soy Milk PG 7.00±0.01bc 0.51±0.01
b
 
IN 0.01±0.00b 0.45±0.07b 
OUT 0.01±0.01bc 1.17±0.09bc 
SC+ 
Cream 
PG 5.98±2.83cd 0.53±0.03b 
IN 0.00±0.00b 0.23±0.01bc 
OUT 0.00±0.00c 0.65±0.02bcd 
SC+Soy bean PG 9.78±0.72a 0.00±0.00
b
 
IN 0.08±0.05a 0.00±0.00c 
OUT 0.03±0.02ab 0.00±0.00d 
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4.5 Effects of Different Food Components on Sour Cherry Bioavailability 
4.5.1 Total phenolic content  
In vitro digestion model system was applied to determine the effect of food 
component on sour cherry bioavailability. Total phenolic content results were 
expressed in mg gallic acid (GAE)/100g fresh fruit. The standard calibration curve of 
gallic acid prepared between 0.04-0.4 mg/ml is shown in Figure 4.10. Gallic acid was 
dissolved in 100% water.  
Changes in potential bioavailability of total phenolic content after co-digestion with 
food components are shown in Table 4.12. Differences between expected and found 
values were evaluated statistically.  
 
Figure 4.10: Standard calibration curve of gallic acid 
 
In respect of results; all the components had decreasing effect on bioavailability of 
sour cherry phenolic compounds for PG fractions. In IN fraction; no significant 
difference was found in expected and found values for wheat protein, starch, linoleic 
acid, cooked starch, galactose, ascorbic acid, vitamin E and citric acid. However, 
pectin had considerable increasing effect on bioavailability of phenolic compounds. 
Soy protein and cellulose had no effect on bioavailability for OUT fraction,  but 
pectin had positive effect as IN fraction. All the other components decreased the 
bioavailability of phenolic compounds. 
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Table 4.12 : Changes in total phenolic content of sour cherry after co-digestion with 
food components 
 PG IN OUT 
(mg TEAC/100 g fresh fruit) 
%Loss %Loss %Loss 
SC+Soy  
Protein 
F 329.39±42.40abc -
46.71 
41.87±3.89def - 
36.23 
303.00±14.17b -
15.52 E 618.13±52.87 65.66±18.11 358.65±39.24 
SC+Milk 
Protein 
F 273.60±48.69bc -
46.18 
37.84±16.26def
g
 
+ 
30.39 
299.73±10.34b + 
20.15 
E 855.79±64.88 139.45±12.56 783.50±26.65 
SC+Wheat 
Protein 
F 419.13±28.97ab -
31.71 
53.71±2.89cd - 
2.26 
57.47±1.20f -
83.31 E 650.40±51.81 54.96±7.83 344.44±39.57 
SC+ 
Linoleic Acid 
F 133.46±1.50c -
74.28 
25.27±4.15efg - 
31.02 
79.68±1.29ef -
70.79 E 518.94±52.75 36.63±11.32 272.82±40.77 
SC+Starch F 111.04±2.19
 c
 -
78.54 
22.08±7.62fg - 
43.51 
58.83±3.16f -
77.86 E 517.33±52.09 39.08±13.52 265.65±41.91 
SC+Cooked 
Starch 
F 108.59±6.97 c -
78.63 
30.85±0.82defg - 
21.80 
85.93±0.66ef -
67.36 E 508.21±52.25 39.45±11.59 263.27±15.65 
SC+Galactose F 126.05±14.72
 c
 -
75.20 
23.79±3.14fg - 
18.02 
71.14±10.26 ef -
71.46 E 512.01±52.02 36.40±13.42 265.39±34.44 
SC+Fructose F 145.53±0.10
 c
 -
72.56 
35.03±4.77efg - 
18.30 
101.96±36.33 
ef
 
-
62.66 
E 530.68±52.31 42.88±13.34 273.07±38.39 
SC+Glucose F 79.93±3.77
abc
 -
86.35 
28.31±0.15defg - 
56.52 
69.80±5.30 ef -
77.09 E 598.87±52.25 65.10±12.40 304.71±39.01 
SC+Pectin F 229.76±2.23
c
 -
69.17 
185.52±13.24a + 
166.66 
608.35±67.24a + 
43.62 E 745.30±52.25 69.57±12.40 423.57±39.01 
SC+Cellulose F 80.38±1.55
 c
 -
90.80 
15.33±3.47g - 
42.15 
324.18±3.81b -
72.22 E 508.19±52.25 68.78±12.40 345.16±39.01 
SC+Vitamin C F 541.36±9.74
a
 - 
9.92 
121.39±0.23b + 
23.00 
163.58±0.31d -
52.36 E 601.01±50.40 98.69±11.10 343.39±37.18 
SC+Citric 
Acid 
F 292.27±36.50abc -
47.46 
68.37±10.84c + 
14.57 
75.02±3.83ef -
74.70 E 556.27±56.25 59.67±12.40 296.55±39.01 
SC+Salt F 251.41±0.64
c
 -
54.81 
30.00±2.82defg - 
48.41 
119.73±6.71de -
51.98 E 556.27±56.25 58.15±12.40 333.81±37.07 
SC+ Vitamin E F 199.88±1.35
c
 -
62.83 
43.06±0.88de + 
4.95 
106.28±17.68e
f
 
-
61.49 
E 537.81±51.03 41.02±12.33 275.98±38.62 
*F: Found value E: Expected value 
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Salt had decreasing effect on phenolic compounds bioavailability in all fractions and 
the same effect was also observed by Vitamin C. Vitamin C accelerated 
decomposition and it couldn’t protect the phenolic compound’s structures.  In IN 
fraction; galactose and fructose did not have any effect on phenolic compounds 
however glucose decreased the bioavailability of phenolic compounds. Difructose 
anhidrid and fructooligosaccarides from undigested oligosaccharides increased the 
clinging in the colon and they also caused increase in rutin bioavailability 
(Matsukawa, 2009). 
In comparison with expected and found values, all the components had decreasing 
effects in PG fractions however, milk protein and pectin had positive effect in IN and 
OUT.  In IN, vitamin C and citric acid did not have any significant effect (p>0.005). 
The main reason could be rising the acidity in serum.  
Soy products and 40 g wheat fiber was co-digested. However, no difference was 
observed for absorption of isoflavones. Absorption of dietary fiber was related to 
polyphenols (Manach, 2011). In this study; starch, cooked starch, wheat protein and 
cellulose had decreasing effects on bioavailability of phenolic compounds but starch 
and cooked starch did not have any effect for IN fractions.  
4.5.2 Total anthocyanin content  
Total anthocyanin content of sour cherry after co-digestion is shown in Figure 4.11. 
Changes in total anthocyanin contents were analyzed statistically. In vitro digestion 
procedure was applied to sour cherry as control and sour cherry+other components. 
The total anthocyanin content in sour cherry for pancreatic digestion (PG) was 
20.09±4.62 cyn-3-glu/100 g fresh fruit after pancreatic digestion, 0.49±0.09 cyn-3-
glu/100 g fresh fruit in serum and 9.10±0.21 cyn-3-glu/100 g fresh fruit in colon. The 
results were evaluated statistically according to sour cherry anthocyanin content. 
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Figure 4.11: Comparison of total anthocyanin content in PG, IN and OUT fractions 
for sour cherry consumption with food components  
In respect of results, cellulose strongly increased the bioavailability of anthocyanins. 
Vitamin E, cooked starch, starch and citric acid had also positive effects on 
bioavailability for PG fractions. However, glucose, fructose, galactose, milk protein, 
soy protein, wheat protein, linoleic acid, vitamin C had no significant effect on 
bioavailability.  
In IN fractions, vitamin E, cooked starch, citric acid and cellulose had protected their 
positive effects however no significant difference were found between sour cherry, 
glucose, fructose, linoleic acid, milk protein, soy protein, wheat protein, galactose 
and vitamin C.  
Cooked starch, vitamin E, citric acid, and vitamin C increased the bioavailability and 
no significant difference was observed between the other samples in OUT fraction. 
As a short summary; the highest values were seen in PG fractions; vitamin E 
(847.00±0.00 cyn-3-glu/100 g fresh weight), salt (773.03±0.911 cyn-3-glu/100 g 
fresh weight) and cooked starch (560.54±21.94 cyn-3-glu/100 g fresh weight) co-
digestion with sour cherry (20.09±4.62 cyn-3-glu/100 g fresh weight). These 
combinations also had positive effect for IN and OUT. In IN fraction; vitamin E 
(307.09±3.86 cyn-3-glu/100 g fresh weight), salt (38.65±6.07 cyn-3-glu/100 g fresh 
weight), cooked starch (119.93±28.19 cyn-3-glu/100 g fresh weight) and sour cherry 
(0.488±0.098 cyn-3-glu/100 g fresh weight) and for OUT they were 298.23±5.21 
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cyn-3-glu/100 g fresh weight, 142.31±45.14 cyn-3-glu/100 g fresh weight, 
372.50±7.62 cyn-3-glu/100 g fresh weight, 9.10±0.22 cyn-3-glu/100 g fresh weight. 
These compounds could stabilize the anthocyanins for all fractions. Salt increased 
the solution that is entering into serum due to its binding property. Saura-Calixto et 
al. (2007) reported that nondigested phenolic compounds in colon passed to serum so 
absorption performed also from colon during digestion with sour cherry.  
Sugars had decreasing effects on bioavailability of anthocyanins in sour cherry. Cao 
et. al. (2009) studied on effect of sugar and ascorbic acid on heat degradation of 
blood orange flavonoids. Addition of sugar increased the degradation of flavonoids 
under heat however, ascorbic acid decelerated decomposition. Sugars could be 
aligned as glucose >sucrose > fructose due to their anthocyanin protective property. 
In this study results were shown as fructose >galactose >glucose for PG, glucose 
>fructose=galactose in IN and glucose >fructose >galactose in OUT as shown in the 
literature.  
Fructose presented more destructive effect than glucose for anthocyanins. 
Ketohexose (Fructose) shows more anthocyanin devestating effect than aldohexose 
(glucose) due to formation of furfural (Rubinskiene et al., 2005). 
4.5.3 Total antioxidant activity 
4.5.3.1  DPPH method 
The antioxidant capacity was determined by DPPH method for sour cherry 
methanolic extract, sour cherry bioavailability samples, sour cherry extract with 
water. Standard calibration curve was prepared for DPPH as shown in Figure 4.12. 
The results were expressed as mg TEAC/100 g fresh fruit. The standard calibration 
curve was prepared between 0.02-0.4 mg/ml concentration and the equation obtained 
from the curve was used to calculate the absorbance values of the sample measured 
by UV-Vis spectrophotometer. The results are shown in Table 4.13. 
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Figure 4.12: Standard calibration curve of Trolox 
 
According to results, sour cherry as single material was the highest one between the 
samples in PG fractions. Besides that vitamin E had positive effect on antioxidant 
activity among the other samples. Soy protein showed also highest value after  
vitamin E. Moreover, no significant difference was found between fructose, citric 
acid, starch, ascorbic and linoleic acid. Cellulose and milk protein showed the lowest 
bioavailability for PG fraction.  
In IN fraction, linoleic acid and vitamin C gave the highest results. However, 
cellulose, starch, glucose and galactose presented lowest bioavailability. In respect of 
results, polysaccharides and sugars couldn’t protect the potential antioxidant activity.  
Benjakul et al. (2005) studied on Maillard reaction effect on antioxidant activity by 
DPPH method. Glucose showed the lowest activity while galactose and fructose had 
the similar activities. In this study, glucose and galactose had similar results while 
fructose was higher than the others. This results are in agreement with literature. 
In OUT fraction, vitamin E showed the highest bioavailability and vitamin C was 
following Vit E. Starch presented the lowest bioavailability.  Tocopherol and 
ascorbic acid were used as sources of vitamin E and vitamin C in this study. They are 
known as natural antioxidants so in this study their bioavailability was highest due to 
their potentials.  
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Table 4.13 : Changes in total antioxidant activity by DPPH method for sour cherry 
after co-digestion with food components 
*F: Found value  
E: Expected value 
PG IN OUT 
(mg TEAC/100 g fresh fruit) 
%Loss %Loss %Loss 
SC+Soy Protein F 757.69±140.66
d
 -57.63 3.30±0.57h -
96.55 
125.60±28.29 c +168.2
9 E 1788.31±2.68 95.67±2.66 46.82±4.68 
SC+Milk 
Protein 
F 348.19±42.58g -81.38 31.28±4.63f
g
 
-
66.25 
29.56±2.73 fgh -93.43 
E 1870.13±18.67 92.77±1.10 450.02±9.51 
SC+Wheat 
Protein 
F 497.86±35.76e -71.04 15.38±0.11
gh
 
-
83.43 
68.63±1.48 ef -7.74 
E 1719.36±13.13 92.82±1.36 74.38±8.86 
SC+Linoleic 
Acid 
F 574.22±98.56 e -65.02 241.85±9.7
7
a
 
+173.
39 
31.37±1.87 fg -32.35 
E 98.56±9.91 88.46±1.50 46.37±6.25 
SC+Starch F 556.73±2.51
 e
 -63.90 0.51±0.64h -
99.43 
14.30±3.09 gh -64.35 
E 1542.15±15.46 90.10±2.10 40.10±8.48 
SC+Cooked 
Starch 
F 333.26±30.82 g +21.81 0.57±0.54 h -
99.44 
4.00±0.49 h -93.45 
E 1458.76±25.30 101.32±2.0
2 
61.15±8.83 
SC+Galactose F 356.80±23.82
 g
 -76.05 7.39±2.55h -
92.63 
23.43±7.87fgh -68.69 
E 1489.56±13.82 100.34±1.0
8 
74.83±9.67 
SC+Fructose F 512.80±22.74
 ef
 -65.85 39.69±3.41e
f
 
-
69.16 
84.16±16.40de -12.88 
E 1501.44±10.59 128.69±6.6
4 
96.61±10.23 
SC+Glucose F 374.85±5.08
 fg
 -73.68 16.70±3.61
gh
 
-
26.05 
47.75±3.93fg +3.52 
E 1424.03±14.29 22.58±4.74 46.13±7.77 
SC+Pectin F 360.95±25.71
 g
 -77.27 4.65±0.27h -
94.59 
106.33±3.75cd +10.33 
E 1588.25±12.43 85.99±0.86 96.38±3.70 
SC+Cellulose F 271.65±34.75
g
 -85.97 23.59±0.04f
gh
 
-
92.45 
63.61±0.00ef -78.91 
E 1935.66±28.26 312.24±11.
28 
301.59±24.98 
SC+Vitamin C F 537.98±1.34
e
 -71.42 118.20±27.
40
b
 
-
73.37 
175.62±12.88b -66.41 
E 1882.37±1.11 443.89±3.7
9 
522.82±0.32 
SC+Citric Acid F 533.08±45.69
 e
  70.59±15.6
4 
 101.21±0.21 cd  
SC+Salt F 1025.41±31.94
c
 -38.98 59.06±1.90
de
 
-
36.53 
183.15±3.18b -
279.23 
E 1680.59±17.68 93.05±0.70 48.30±10.59 
SC+Vitamin E F 2662.46±34.76
a
 +38.31 61.14±20.5
9
de
 
-
33.41 
567.84±26.82a + 
244.84 
E 1925.05±22.45 91.82±1.32 164.67±4.62 
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Vitamin E (α tocopherol) and vitamin C (ascorbic acid) were low molecular mass 
antioxidants which interact directly with the oxidizing radicals (Patra et al., 2001). 
They studied on Vitamin E (α tocopherol) and ascorbic acid (vitamin C) effect on 
lead induced oxidative stress to the liver, brain and  kidney in rats. Vitamin E and 
vitamin C the LPO levels revealing their antioxidant potential in lead-related 
oxidative stress.  
Vitamin E protected its potential in PG and OUT fraction. However, vitamin C 
preserved its effect on antioxidant activity in IN fraction. These natural antioxidants 
increased the daily diet while consuming sour cherry and it products. However, it 
could be recommended that vitamin C must be major material besides sour cherry in 
the diet because vitamin C was more remaining in serum with respect to vitamin E.  
4.5.3.2  ABTS method 
Antioxidant capacity was also determined by ABTS  method for food materials that 
were digested with sour cherry. Standard calibration curve of Trolox is shown in 
Figure 4.13 and the results were expressed as mg Trolox equivalents (TEAC)/ 100 g 
of fresh weight. The standard calibration curve was prepared between 0.01-0.09 
mg/ml concentrations and the equation obtained from the curve was used to calculate 
the absorbance values of the sample measured by UV-Vis spectrophotometer. The 
results are shown in Table 4.14. 
 
Figure 4.13: Standard calibration curve of Trolox 
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Table 4.14 : Changes in total antioxidant activity by ABTS method for sour cherry 
after co-digestion with other food components. 
 PG (mg TEAC/100 g 
fresh fruit) 
IN(mg TEAC/100 g 
fresh fruit) 
OUT(mg TEAC/100 g 
fresh fruit) 
%Loss %Loss %Loss 
SC+Soy 
Protein 
F 1079.58±192.07de -
52.04 
452.82±18.57bc +362.
72 
3289.87±123.26b +270.
51 E 2250.91±23.56 97.86±12.96 887.93±56.16 
SC+Milk 
Protein 
F 691.48±99.1def -
28.01 
81.97±0.24c -
38.58 
692.96±24.14cd -
19.23 E 960.53±45.43 133.45±5.56 857.90±40.79 
SC+Wheat 
Protein 
F 3433.07±810.38b +7.62 33.82±2.01c -
80.15 
166.03±12.16cd -
95.85 E 3192.46±376.51 170.42±4.78 3996.90±762.14 
SC+Linolei
c Acid 
F 611.92±8.83 def -
25.32 
225.25±40.25bc +90.4
7 
550.93±96.48cd -
25.20 E 819.39±37.79 118.26±13.79 736.52±30.73 
SC+Starch F 295.84±20.34
 ef
 -
63.02 
80.36±12.74c -
44.53 
48.77±6.02 d -
91.97 E 800.06±48.52 144.86±1.64 607.10±58.73 
SC+Cooked 
Starch 
F 349.52±24.35 ef -
56.87 
95.89±3.42c -2.29 420.18±62.76cd -
27.11 E 810.31±50.78 98.14±1.61 576.46±16.41 
SC+ 
Galactose 
F 308.54±58.59 ef -
61.83 
54.03±9.09c -
42.34 
138.63±51.44 cd -
75.02 E 808.34±48.83 93.71±9.05 554.86±14.40 
SC+ 
Fructose 
F 329.26±51.88 ef -
60.29 
39.81±8.55c -
61.12 
177.21±8.87 cd -
69.55 E 829.12±51.86 102.38±18.80 582.04±22.74 
SC+Glucos
e 
F 32.26±5.99f -
96.19 
46.10±6.15c -
53.62 
42.85±7.72 d -
92.50 E 846.59±44.35 99.40±1.03 571.09±45.12 
SC+Pectin F 1903.36±658.38
c
 -6.57 621.40±74.51b +9.67 1701.50±181.43c -
29.01 E 2037.17±49.41 566.59±140.29 2396.81±68.85 
SC+ 
Cellulose 
F 1364.13±16.51cd +51.3
9 
243.79±24.89bc +208.
24 
1220.57±79.69cd +206.
36 E 901.08±47.93 79.09±1.27 591.48±13.26 
SC+Citric 
Acid 
F 507.19±93.83 cd -
79.96 
28.74±0.16c -
85.53 
202.60±74.79 cd -
75.56 E 2530.37±379.45 198.63±0.62 828.84±60.34 
SC+Salt F 367.99±139.93
 ef
 -
56.75 
118.10±5.14c +1.62 171.95±64.38 cd -
74.00 E 850.93±56.12 116.22±6.30 661.35±9.96 
SC+ 
Vitamin E 
F 641.35±68.88 def -
22.47 
86.59±8.97c -
23.88 
396.91±47.26 cd -
45.50 E 827.23±47.37 113.75±13.69 728.26±87.06 
SC+ 
Ascorbic 
Acid 
F 75121.00±981.11a -1.04 55676.09±719.0
8
a
 
-0.12 74267.82±2586.9
2
a
 
-3.06 
E 75913.39±1030.1
6 
55742.17±714.0
4 
76613.67±37.00 
*F: Found value E: Expected value 
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In respect of results, ascorbic acid+SC showed the highest values between the 
samples for PG fraction. Wheat protein+SC (433.26%) presented the second highest 
bioavailability. Pectin (240.20%) and cellulose (172.15%) also had positive effect on 
antioxidant capacity. No significant difference was found between the other 
combinations, respectively (p>0.005). Glucose (4.07%), fructose (41.55%) and 
galactose (38.94%) showed the lowest antioxidant activity. Nikkhah et al. (2007) 
studied on anthocyanin stabilization under sugar treatment. They claimed that 
increasing the sucrose ratio accelerated the anthocyanin degradation because of that 
sugars could also affect the antioxidant activity.  
In IN fraction, pectin (892.17%) showed the highest bioavailability in comparision 
with sour cherry. Linoleic acid (323.40 %) also had positive effect on bioavailability. 
No significant difference was found between the other combinations, respectively 
(p>0.005). Combinations with citric acid (41.26%), wheat protein (48.56%) and 
glucose (66.19%) was found as the lowest ones. Wheat protein interacted with 
phenolic compounds so the antioxidant activity decreased. 
In OUT fractions, pectin (308.84%) had significant positive effect on antioxidant 
activity. However, sugars; glucose, galactose and fructose were the lowest ones 
besides them salt, citric acid, wheat protein were also lower values in combination of 
sour cherry when compared control. No significant diffecence was observed between 
those samples.  
In comparison with expected and found values, all the samples had decreasing effect 
under matrix conditions. However, pectin and cellulose had positive effect on 
antioxidant activity. Pectin and cellulose were known as dietary fiber and they were 
not digested in human body. Interaction between anthocyanin and pectin and 
cellulose had positive effect on antioxidant activity due to that reason.  
4.5.4 Effect of food components on major individual phenolic compounds 
Phenolic compounds such as gallic acid, neochlorogenic acid, chlorogenic acid, rutin 
were evaluated individually. The results for sour cherry combination with other food 
components were given in Table 15. Two major anthocyanins; cyanidin-3-O- 
glucoside, cyanidin-3-(2G-glucosylrutinoside) were detected and the results were shown in 
Table 16. 
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Table 4.15 : Individual evaluation of phenolic acids of sour cherry+food component 
combinations. 
 Gallic Acid Neochlorogenic  
Acid 
Chlorogenic 
Acid 
Rutin 
SC+Soy 
Protein 
 
PG 2.87±2.20bcde 2.75±1.97ef 1.99±1.27fg 0.00±0.00e 
IN 3.62±0.12a 0.14±0.02def 0.94±0.18c 0.00±0.00e 
OUT 5.42±0.80a 0.10±0.03d 0.77±0.30cde 0.00±0.00d 
SC+Milk 
Protein 
PG 3.34±0.35abc 0.58±0.01f 0.00±0.00g 0.00±0.00e 
IN 1.33±1.25bcde 0.13±0.09def 0.17±0.01e 0.00±0.00e 
OUT 3.49±0.01abc 0.01±0.00d 0.36±0.21def 0.00±0.00d 
 
SC+Whea
t Protein 
PG 1.25±1.22cde 0.50±0.14f 0.08±0.12g 0.48±0.38de 
IN 2.06±0.25abcde 0.04±0.01ef 0.07±0.00e 0.22±0.31e 
OUT 3.66±0.45abc 0.13±0.02d 0.25±0.03ef 0.63±0.03cd 
SC+Linol
eic Acid 
 
PG 0.00±0.00e 6.92±0.99cd 2.56±0.49cde 6.33±0.57b 
IN 0.06±0.02e 0.07±0.00def 0.15±0.03e 0.06±0.08e 
OUT 0.05±0.02e 1.20±0.05cd 2.46±0.03a 1.29±0.22abc 
SC+Starc
h 
PG 0.01±0.00e 3.58±0.15de 0.55±0.43ef 1.97±1.12cde 
IN 0.00±0.00e 0.03±0.01ef 0.07±0.06e 0.14±0.10e 
OUT 0.25±0.03e 0.32±0.19d 1.10±0.22bc 2.45±0.55a 
 
SC+Cook
ed Starch 
PG 2.39±0.25bcde 0.61±0.26f 1.94±0.94g 4.43±1.10bcd 
IN 0.82±0.29bcde 0.04±0.00ef 0.09±0.01e 0.00±0.00e 
OUT 0.00±0.00e 0.02±0.01d 0.02±0.01f 0.00±0.00d 
SC+ 
Galactose 
 
PG 2.75±0.80bcde 5.39±0.13cdef 1.72±0.10cdef 2.47±0.11bcde 
IN 2.01±0.11abcde 0.06±0.02ef 0.11±0.02e 0.27±0.09e 
OUT 1.00±0.30de 0.11±0.01d 0.27±0.02ef 0.55±0.04cd 
SC+ 
Fructose 
PG 1.27±0.65cde 7.07±0.17cd 2.61±0.30cd 1.20±1.00cde 
IN 0.00±0.00e 3.81±0.04a 1.28±0.02b 3.42±0.10a 
OUT 2.77±0.46bcd 0.27±0.01d 0.69±0.67cdef 0.76±0.21bcd 
 
SC+Gluco
se 
PG 0.38±0.01de 4.14±0.01def 1.25±0.01def 0.87±0.01cde 
IN 2.67±2.36abc 0.08±0.01def 0.17±0.05e 0.00±0.00e 
OUT 1.30±0.39cde 0.11±0.01d 0.20±0.02ef 0.63±0.03cd 
SC+Pecti
n 
 
PG 2.98±2.66bcd 17.67±1.67b 7.06±0.25b 4.37±2.19bcd 
IN 1.66±0.01bcde 0.21±0.01de 0.21±0.01de 0.00±0.00e 
OUT 1.54±0.01cde 3.27±0.01ab 2.26±0.01a 0.00±0.00d 
SC+ 
Cellulose 
PG 0.31±0.01de 0.67±0.01f 3.12±0.06g 3.51±0.12bcde 
IN 0.00±0.00e 1.10±0.07c 2.49±0.07a 1.81±0.18b 
OUT 4.40±3.90ab 0.07±0.06d 0.69±0.67cdef 0.15±0.22cd 
 
69 
Table 15 (continued): Individual evaluation of phenolic acids of sour cherry+food 
component combinations. 
 Gallic Acid Neochlorogenic  
Acid 
Chlorogenic 
Acid 
Rutin 
 
SC+Citric 
Acid 
PG 4.16±0.04ab 7.44±0.29c 2.66±0.11c 3.86±0.01bcde 
IN 2.70±1.06ab 1.93±0.27b 0.69±0.11cd 0.66±0.06d 
OUT 2.22±0.61bcde 2.64±2.34bc 1.53±0.12b 1.85±0.15ab 
SC+Salt 
 
PG 1.34±0.48cde 4.36±1.27de 0.65±0.92def 0.00±0.00e 
IN 0.15±0.01de 0.00±0.00f 0.00±0.00e 0.00±0.00e 
OUT 0.32±0.01de 0.00±0.00d 0.00±0.00f 0.00±0.00d 
SC+ 
Vitamin E 
PG 5.78±0.01a 6.47±0.01cde 2.19±0.01cde 3.73±0.01bcde 
IN 2.16±0.02abcd 0.25±0.01d 0.52±0.01d 1.16±0.01c 
OUT 0.32±0.01de 0.15±0.01d 0.07±0.05f 0.24±0.01cd 
 
SC+ 
Ascorbic 
Acid 
PG 0.00±0.00e 5.81±0.29cde 2.23±0.29cde 4.97±0.29bc 
IN 0.00±0.00e 0.00±0.00f 0.00±0.00e 0.14±0.10e 
OUT 0.00±0.00e 4.18±0.14a 1.58±0.02b 2.40±0.11a 
 
In respect of results, phenolic acids are showing lower bioavailability. Gallic acid 
was found at highest amount in vitamin E and citric acid combinations. However, 
they could not protect their bioavailability during serum and colon conditions. 
Phenolic acids could not preserve their structures under sudden changes in pH. In 
PG, the lowest values observed by combinations with ascorbic acid, starch and 
linoleic acid. Cooked starch showed higher bioavailability than starch. It is obvious 
that gelatanization preserves gallic acid. In IN fraction, soy protein got the highest 
value but fructose, ascorbic acid, starch and linoleic acid were the lowest ones. In 
OUT the same reults were detected.  
According to neochlorogenic acid results, in PG, sour cherry as a single material was 
the highest one between the combinations. Pectin (64.32%) got the second rank due 
to its soluble fiber. Cooked starch (-97.77%), cellulose (-97.56%), milk protein (-
97.89%), soy protein (-89.99%) and wheat protein (-84.93%) were the lowest ones. It 
is obvious that proteins are affecting the bioavailability of phenolic compounds in a 
negative way. In IN conditions, fructose (+3710%) and citric acid (+1830%) were 
the highest ones. Citric acid affected the acidity so the medium prevented the 
neochlorogenic acid degredation. In OUT, ascorbic (>8 fold), citric (>5 fold) and 
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pectin (>6.5 fold) combinations were the highest but no significant difference was 
observed between the others. 
When the chlorogenic acid results were evaluated, sour cherry showed the highest 
bioavailability in PG but milk protein, wheat protein and soy protein were the lowest 
ones due to interaction of protein and phenolics. In IN, cellulose (>11 fold) showed 
the highest bioavailability. Cellulose is important dietary fiber. Phenolic acids are 
clinging the cellulose and this mechanism helps the preservation of chlorogenic acid. 
In OUT, combinations with pectin (+126 %) and linoleic acid (+126 %) were the 
highest ones. It is clear that pectin and linoleic acid are showing lower 
bioavailability, these components were only detected in colon which are  not used for 
physical activity.  
According to rutin results, similar results were achieved with that of chlorogenic 
acid. In PG, sour cherry as a single material got the highest value. However, soy 
protein, milk and wheat protein showed the lowest bioavailability. In IN, fructose (>3 
fold) was the highest one while sour cherry combinations with pectin, salt, ascorbic 
acid, starch and cooked starch were the lowest ones. In OUT, ascorbic acid, starch 
and salt combinations showed the higher bioavailability than the other combinations. 
In comparison between IN and OUT ascorbic acid was the lowest ones in IN while 
they were the highest ones in OUT so it is obvious that these components are not so 
much bioavailable. 
In respect of anthocyanin results, single sour cherry found to be the highest material 
between the combinations when cyanidin-3-O- glucoside was evaluated. Cyanidin-3-O- 
glucoside did not detect in the combination with linoleic acid, milk protein and ascorbic acid. 
In IN, citric acid+sour cherry (>43 fold) and fructose+sour cherry (>10 fold) increased the 
bioavailability of cyanidin-3-O- glucoside but no significant difference was found between 
the others. In OUT, citric acid+ sour cherry (>2.5 fold) combination had positive effect on 
bioavailability. However, no significant difference was observed between the other 
combinations. 
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Table 4.16 : Individual evaluation of anthocyanins of sour cherry+food component 
combinations 
 Cyanidin-3-O- 
glucoside 
Cyanidin-3-(2G-
glucosylrutinoside) 
SC+Soy 
Protein 
 
PG 0.77±0.61de 2.87±2.20bcde 
IN 0.00±0.00c 3.62±0.12a 
OUT 0.00±0.00b 5.42±0.80a 
SC+Milk 
Protein 
PG 0.00±0.00e 3.34±0.35abc 
IN 0.00±0.00c 2.22±0.01a 
OUT 0.00±0.00b 3.49±0.05abc 
 
SC+Wheat 
Protein 
PG 0.06±0.03e 2.11±0.03bcdef 
IN 0.06±0.02bc 2.06±0.25bc 
OUT 0.00±0.00b 3.66±0.45abc 
SC+Linoleic 
Acid 
 
PG 0.00±0.00e 0.00±0.00f 
IN 0.00±0.00c 0.06±0.02ef 
OUT 0.00±0.00b 0.05±0.07e 
SC+Starch PG 1.34±1.00
cde
 0.00±0.00f 
IN 0.01±0.00c 0.00±0.00f 
OUT 0.02±0.01b 0.00±0.00e 
 
SC+Cooked 
Starch 
PG 1.91±1.09cd 2.39±2.62bcdef 
IN 0.01±0.00c 0.82±0.29d 
OUT 0.02±0.01b 0.00±0.00e 
SC+ 
Galactose 
 
PG 1.28±0.06cde 2.75±0.80bcde 
IN 0.00±0.00c 2.01±0.11c 
OUT 0.00±0.00b 1.00±0.30de 
SC+ 
Fructose 
PG 1.72±0.01cd 1.27±0.65cdef 
IN 0.00±0.00c 0.00±0.00f 
OUT 0.00±0.00b 2.77±0.46bcd 
 
SC+Glucose 
PG 1.02±0.01cde 0.38±0.01def 
IN 0.00±0.00c 0.16±0.01ef 
OUT 0.00±0.00b 1.30±0.39cde 
SC+Pectin 
 
PG 4.46±0.03b 2.98±2.66bcd 
IN 0.00±0.00c 1.16±0.01d 
OUT 0.00±0.00b 4.40±3.93ab 
SC+ 
Cellulose 
PG 2.20±0.07cd 0.31±0.01def 
IN 0.00±0.00c 0.00±0.00f 
OUT 0.07±0.04b 1.62±0.01cde 
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Table 16(continued): Individual evaluation of phenolic acids of sour cherry+food 
component combinations 
 Cyanidin-3-O- 
glucoside 
Cyanidin-3-(2G-
glucosylrutinoside) 
 
SC+Citric 
Acid 
PG 2.38±0.38c 4.16±0.04ab 
IN 0.43±0.05a 2.70±1.06b 
OUT 2.66±2.06a 2.22±0.61bcde 
SC+Salt 
 
PG 2.26±1.69cd 1.34±0.48cdef 
IN 0.01±0.00c 0.15±0.01def 
OUT 0.01±0.00b 0.32±0.01de 
SC+ 
Vitamin 
E 
PG 1.60±0.01cd 5.78±0.01a 
IN 0.01±0.00c 2.16±0.01bc 
OUT 0.00±0.00b 0.32±0.03de 
 
SC+ 
Ascorbic 
Acid 
PG 0.00±0.00e 0.00±0.00f 
IN 0.00±0.00c 0.00±0.00f 
OUT 0.00±0.00b 0.00±0.00e 
 
In the evaluation of cyanidin-3-(2G-glucosylrutinoside) results, in PG vitamin E 
(>12 fold) showed the highest bioavailability while ascorbic acid, starch and linoleic 
acid affected the bioavailability negatively; anthocyanin was not detected in those 
combinations. In IN, soy protein (+409.8 %) showed positive effect on 
bioavailability as well as in OUT (+850 %). cyanidin-3-(2G-glucosylrutinoside) was 
not detected in sour cherry combinations with ascorbic acid, starch, cellulose and 
fructose. In OUT, soy protein (>9.5 fold) increased the bioavailability however, no 
cyanidin-3-(2G-glucosylrutinoside) observed in the combination with ascorbic acid, 
starch, cooked starch and linoleic acid. 
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5.  CONCLUSIONS AND RECOMMENDATIONS  
In this study, effects of food matrices and food components on anthocyanins and 
phenolic compounds during digestion were determined with in vitro models. The 
results show that anthocyanins, phenolic compounds, and their antioxidant activity 
change in different conditions of digestion. This results of this study is useful in 
leading both consumer and industry to select the proper food matrices to obtain 
higher bioavailability.  
Phenolic compounds and anthocyanins were found stable in gastric digestion due to 
acidic conditions. Anthocyanins presented lower bioavailability in IN condition than 
phenolic compounds. It was also observed that anthocyanins disappeared in the 
presence of some compounds.  
Total phenolic compounds ranged between 28.99-508.19 mg GAE/100 g fresh fruit. 
Total phenolic content increased in post gastric (PG) condition because of acid's 
stabilizing effect. However, 10.08% phenolic compound was determined in serum 
and 86.68% was observed in colon, while the loss was 79.94%. 
Total anthocyanin content was determined between 0.42-20.09 cyn-3-glu/100 g fresh 
fruit. It was found in IN and OUT fractions at 0.63% and 13.90% levels, 
respectively. The loss (15.65%) was considerably important. Decrease in 
anthocyanin content are based on increase in pH.  
Total antioxidant activity was determined by DPPH and ABTS method. According to 
DPPH method results, the total antioxidant activity was ranged between 36.42-
1398.05 mg TEAC/100 g fresh fruit. In IN and OUT fractions, total antioxidant 
activity were 6.52% and 2.76%, respectively. The loss (96.78%) for antioxidant 
activity was significant. The results were found between 69.65-792.39 mg 
TEAC/100 g fresh fruit for ABTS results. Total antioxidant activity was 93.60% and 
694.33% for IN and OUT fractions. The loss was 277.03 %. There was considerable 
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difference between extracts and bioavailability samples. The main reason could be 
also acidic effect because  
solutions of ABTS are acidic and basic, so interaction with bioavailability samples  
might easily change the pH.   
During digestion with other foods, bread involving starch had decreasing effect in 
respect of total phenolic content results. However the other foods containing protein 
such as milk, meat, yoghurt and protein affected the bioavailability both way. Meat 
and probiotic had increasing effect in IN conditions while yoghurt had this effect in 
OUT fraction. Moreover, probiotic also had positive effect in OUT condition. Soy 
bean had positive effect in PG and OUT conditions however soy milk had negative 
effect in all conditions.  
According to total anthocyanin results, no significant difference was found in IN and 
OUT conditions. However, soy bean caused considerable increase in PG condition. 
In combination with soy milk, lemon, oil and bread the anthocyanin bioavailability in 
PG conditions was protected. Milk and yoghurt had decreasing effect in all cases.  
When the total antioxidant activity was evaluated by DPPH method, bread had 
decreasing effect in all fractions. Oil+SC was stable in PG and IN however, in OUT 
it decreased the antioxidant activity level. Meat showed the highest antioxidant 
activity among the others. All foods had decreasing effects in all conditions 
according to ABTS results however only lemon had increasing effect in PG 
condition. 
In digestion with food components, salt, vitamin C, citric acid, cellulose, starch and 
cooked starch had decreasing effect in all fractions for total phenolic content. Wheat 
protein had positive effect in IN fraction however, soy protein and milk protein had 
positive effect in OUT fraction. The lowest bioavailability was observed in cooked 
starch.  
According to total anthocyanin results, no significant difference was found between 
glucose, fructose, galactose, milk protein, soy protein, wheat protein, soy protein and 
ascorbic acid in all fractions. Vitamin E had protecting effect on anthocyanins in all 
fractions. Cooked starch also had positive effect in IN and OUT conditions while 
starch presented lowest bioavailability in all conditions. So gelatinization had 
positive effect on anthocyanins.  
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In respect of individual phenolic compound results, oil had protective effect on 
phenolics and anthocyanins. Bread and apple was also found as other outstanding 
food for anthocyanin bioavailability but it could not preserve its potential in IN and 
OUT fractions. Sour cherry + honey combination was found to be the highest in 
OUT so consuming sour cherry with honey is not so much recommended. 
When the effects of food components was evaluated; citric acid and fructose are 
outstanding components when compared to others. These had positive effect on 
phenolic acids and anthocyanins. Vitamin E is also another effective component but 
it could not protect the bioavailability in IN and OUT fractions.  
In conclusion, it is recommended to consume sour cherry with oil and acidic foods 
that contain citric acid. While formulating functional foods or consuming functional 
sources, those findings should be in concern to be able to gain maximum benefits 
from sour cherry or other anthocyanin and phenolic rich sources. Further studies 
must focus on in vivo researches and chemical interactions between phenolic 
compounds and food components. Generally, in vivo studies focus on single material 
but this does not show the real diet so it is important to determine food matrix effect. 
Moreover, food matrix effect is also important for medical studies. It is important to 
know these effects to prove alternative medicine effectiveness. On the other hand, 
chemical interactions are another important point to explain the losses between PG, 
IN and OUT. It is obvious that there are some degradations after gastric digestion but 
chemical interactions must be searched in detail to explain losses. 
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APPENDIX A  
 
 
Figure A.1 : Standard calibration curve of gallic acid 
 
 
Figure A.2 : Standard calibration curve of Trolox for DPPH method. 
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Figure A.3 : Standard calibration curve of Trolox for ABTS method 
 
 
Figure A.4 : Standard calibration curve of Gallic Acid for HPLC method 
 
Figure A.5 : Standard calibration curve of Chlorogenic Acid for HPLC method 
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Figure A.6 : Standard calibration curve of Neochlorogenic Acid for HPLC method 
 
Figure A.7 : Standard calibration curve of Rutin for HPLC method 
 
Figure A.8 : Standard calibration curve of Cyanidin-3-O-glucoside for HPLC                                        
method 
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APPENDIX B 
 
Figure B.1: Representative HPLC chromatograms of sour cherry methanolic extract 
at 280 nm 
 
Figure B.2: Representative HPLC chromatograms of sour cherry aquaeous extract  
at 312 nm  
 
Figure B.3: Representative HPLC chromatograms of sour cherry methanolic extract 
at 360 nm 
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Figure B.4: Representative HPLC chromatograms of sour cherry methanolic extract 
at 520 nm 
 
 
Figure B.5: Representative HPLC chromatograms of sour cherry aqueous extract at 
280 nm 
 
 
Figure B.6: Representative HPLC chromatograms of sour cherry aqueous extract at 
312 nm 
 
 
Figure B.7: Representative HPLC chromatograms of sour cherry aqueous extract at 
360 nm 
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Figure B.8: Representative HPLC chromatograms of sour cherry aqueous extract at 
520 nm 
 
Figure B.9: Representative HPLC chromatograms of sour cherry PG sample at 280 
nm 
 
 
Figure B.10: Representative HPLC chromatograms of sour cherry PG sample at 312 
nm 
 
 
Figure B.11: Representative HPLC chromatograms of sour cherry PG sample at 360 
nm 
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Figure B.12: Representative HPLC chromatograms of sour cherry PG sample at 520 
nm 
 
Figure B.13: Representative HPLC chromatograms of sour cherry IN sample at 280 
nm 
 
 
Figure B.14: Representative HPLC chromatograms of sour cherry IN sample at 312 
nm 
 
 
Figure B.15: Representative HPLC chromatograms of sour cherry IN sample at 360 
nm 
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Figure B.16: Representative HPLC chromatograms of sour cherry IN sample at 520 
nm 
 
Figure B.17: Representative HPLC chromatograms of sour cherry OUT sample at 
280 nm 
 
 
Figure B.18: Representative HPLC chromatograms of sour cherry OUT sample at 
312 nm 
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Figure B.19: Representative HPLC chromatograms of sour cherry OUT sample at 
360 nm 
 
 
Figure B.20: Representative HPLC chromatograms of sour cherry OUT sample at 
520 nm 
 
Figure B.21: Representative HPLC chromatograms of sour cherry+oil combination 
PG sample at 280 nm 
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Figure B.22: Representative HPLC chromatograms of sour cherry+oil combination 
PG sample at 312 nm 
 
 
Figure B.23: Representative HPLC chromatograms of sour cherry+oil combination 
PG sample at 360 nm 
 
 
Figure B.24: Representative HPLC chromatograms of sour cherry+oil combination 
PG sample at 520 nm 
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Figure B.25: Representative HPLC chromatograms of sour cherry+oil combination 
IN sample at 280 nm 
 
Figure B.26: Representative HPLC chromatograms of sour cherry+oil combination 
IN sample at 312 nm 
 
 
Figure B.27: Representative HPLC chromatograms of sour cherry+oil combination 
IN sample at 360 nm 
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Figure B.28: Representative HPLC chromatograms of sour cherry+oil combination 
IN sample at 520 nm 
 
 
Figure B.29: Representative HPLC chromatograms of sour cherry+oil combination 
OUT sample at 280 nm 
 
 
Figure B.30: Representative HPLC chromatograms of sour cherry+oil combination 
OUT sample at 312 nm 
 
 
Figure B.31: Representative HPLC chromatograms of sour cherry+oil combination 
OUT sample at 360 nm 
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Figure B.32: Representative HPLC chromatograms of sour cherry+oil combination 
OUT sample at 520 nm 
 
 
Figure B.33: Representative HPLC chromatograms of sour cherry+citric acid 
combination PG sample at 280 nm 
 
 
Figure B.34: Representative HPLC chromatograms of sour cherry+citric acid 
combination PG sample at 312 nm 
 
 
Figure B.35: Representative HPLC chromatograms of sour cherry+citric acid 
combination PG sample at 360 nm 
 
 
Figure B.36: Representative HPLC chromatograms of sour cherry+citric acid 
combination PG sample at 520 nm 
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Figure B.37: Representative HPLC chromatograms of sour cherry+citric acid 
combination IN sample at 280 nm 
 
 
Figure B.38: Representative HPLC chromatograms of sour cherry+citric acid 
combination IN sample at 312 nm 
 
 
Figure B.39: Representative HPLC chromatograms of sour cherry+citric acid 
combination IN sample at 360 nm 
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Figure B.40: Representative HPLC chromatograms of sour cherry+citric acid 
combination IN sample at 520 nm 
 
Figure B.41: Representative HPLC chromatograms of sour cherry+citric acid 
combination OUT sample at 280 nm 
 
 
Figure B.42: Representative HPLC chromatograms of sour cherry+citric acid 
combination OUT sample at 312 nm 
 
Figure B.43: Representative HPLC chromatograms of sour cherry+citric acid 
combination OUT sample at 360 nm 
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Figure B.44: Representative HPLC chromatograms of sour cherry+citric acid 
combination OUT sample at 520 nm 
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APPENDIX C 
Table C. 1 : Statistical analysis results of sour cherry samples. 
 
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Total 
phenolics- 
(Food 
Matrix-PG)  
Between 
Groups 
2762089.563 12 230174.130 140.511 .000 
Within 
Groups 
21295.526 13 1638.117 
  
Total 2783385.089 25 
   
Total 
phenolics- 
(Food 
Matrix-IN) 
Between 
Groups 
3934.426 12 327.869 3.785 .012 
Within 
Groups 
1126.233 13 86.633 
  
Total 5060.659 25 
   
Total 
phenolics- 
(Food 
Matrix-
OUT) 
Between 
Groups 
278110.978 12 23175.915 26.169 .000 
Within 
Groups 
11513.207 13 885.631 
  
Total 289624.185 25 
   
Total 
anthocyanin
s- 
(Food 
Matrix-PG) 
Between 
Groups 
3237.963 12 269.830 14.696 .000 
Within 
Groups 
238.686 13 18.360 
  
Total 3476.649 25 
   
Total 
anthocyanin
s- 
(Food 
Matrix-IN) 
Between 
Groups 
2.819 12 .235 1.224 .360 
Within 
Groups 
2.495 13 .192 
  
Total 5.313 25 
   
Total 
anthocyanin
s- 
(Food 
Matrix-
OUT) 
Between 
Groups 
534.582 12 44.548 33.291 .000 
Within 
Groups 
17.396 13 1.338 
  
Total 551.977 25 
   
DPPH 
(Food 
Matrix-PG) 
Between 
Groups 
4402084.817 12 366840.401 74.270 .000 
Within 
Groups 
64210.801 13 4939.292 
  
Total 4466295.618 25 
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Table C.1 (continued): Statistical analysis results of sour cherry samples. 
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
DPPH 
(Food 
Matrix-IN) 
Between 
Groups 
23568.431 12 1964.036 22.511 .000 
Within 
Groups 
1134.242 13 87.249 
  
Total 24702.673 25 
   
DPPH 
(Food 
Matrix-OUT) 
Between 
Groups 
686757.347 12 57229.779 98.059 .000 
Within 
Groups 
7587.149 13 583.627 
  
Total 694344.496 25 
   
ABTS 
(Food 
Matrix-PG) 
Between 
Groups 
1906631.800 12 158885.983 11.618 .000 
Within 
Groups 
177790.627 13 13676.202 
  
Total 2084422.427 25 
   
ABTS 
(Food 
Matrix-IN) 
Between 
Groups 
22399.692 12 1866.641 11.864 .000 
Within 
Groups 
2045.443 13 157.342 
  
Total 24445.135 25 
   
ABTS 
(Food 
Matrix-OUT) 
Between 
Groups 
828245.990 12 69020.499 33.239 .000 
Within 
Groups 
26994.379 13 2076.491 
  
Total 855240.369 25 
   
Total 
phenolics- 
(Food 
Components-
PG) 
Between 
Groups 
652127.027 15 43475.135 73.508 .000 
Within 
Groups 
9462.950 16 591.434 
  
Total 661589.977 31 
   
Total 
phenolics- 
(Food 
Components-
IN) 
Between 
Groups 
58464.575 15 3897.638 72.195 .000 
Within 
Groups 
863.804 16 53.988 
  
Total 59328.379 31 
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Table C.1 (continued): Statistical analysis results of sour cherry samples. 
 Sum of Squares df Mean Square F Sig. 
Total 
phenolics- 
(Food 
Components-
OUT) 
Between 
Groups 
673766.556 15 44917.770 87.618 .000 
Within 
Groups 
8202.463 16 512.654 
  
Total 681969.019 31 
   
Total 
anthocyanins- 
(Food 
Components-
PG) 
Between 
Groups 
21008090.654 15 1400539.377 2456.494 .000 
Within 
Groups 
9122.199 16 570.137 
  
Total 21017212.853 31 
   
Total 
anthocyanins- 
(Food 
Components-
IN) 
Between 
Groups 
198281.349 15 13218.757 123.762 .000 
Within 
Groups 
1708.923 16 106.808 
  
Total 199990.272 31 
   
Total 
anthocyanins- 
(Food 
Components-
OUT) 
Between 
Groups 
491902.390 15 32793.493 119.676 .000 
Within 
Groups 
4384.302 16 274.019 
  
Total 496286.692 31 
   
DPPH- 
(Food 
Components-
PG) 
Between 
Groups 
10869262.427 16 679328.902 237.544 .000 
Within 
Groups 
48616.544 17 2859.797 
  
Total 10917878.971 33 
   
DPPH- 
(Food 
Components-
IN) 
Between 
Groups 
115651.706 16 7228.232 78.047 .000 
Within 
Groups 
1574.427 17 92.613 
  
Total 117226.133 33 
   
DPPH- 
(Food 
Components-
OUT) 
Between 
Groups 
115651.706 16 7228.232 78.047 .000 
Within 
Groups 
1574.427 17 92.613 
  
Total 117226.133 33 
   
ABTS- 
(Food 
Components-
PG) 
Between 
Groups 
10364358740.849 15 690957249.390 5159.956 .000 
Within 
Groups 
2142521.446 16 133907.590 
  
Total 10366501262.295 31 
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Table C.1 (continued): Statistical analysis results of sour cherry samples. 
 Sum of 
Squares 
df Mean Square F Sig. 
ABTS- 
(Food 
Components-IN) 
Between 
Groups 
103643587
40.849 
1
5 
690957249.39
0 
5159.95
6 
.00
0 
Within 
Groups 
2142521.44
6 
1
6 
133907.590 
  
Total 
103665012
62.295 
3
1 
   
ABTS- 
(Food 
Components-
OUT) 
Between 
Groups 
101827971
20.071 
1
5 
678853141.33
8 
1602.82
0 
.00
0 
Within 
Groups 
6776588.71
9 
1
6 
423536.795 
  
Total 
101895737
08.790 
3
1 
   
Cyanidin-3-O- 
glucoside (Food 
Matrix-PG) 
Between 
Groups 
130.989 
1
1 
11.908 13.570 
.00
0 
Within 
Groups 
10.531 
1
2 
.878 
  
Total 141.520 
2
3 
   
Cyanidin-3-O- 
glucoside (Food 
Matrix-IN) 
Between 
Groups 
.018 
1
1 
.002 5.111 
.00
5 
Within 
Groups 
.004 
1
2 
.000 
  
Total .022 
2
3 
   
Cyanidin-3-O- 
glucoside (Food 
Matrix-OUT) 
Between 
Groups 
.004 
1
1 
.000 3.173 
.02
9 
Within 
Groups 
.001 
1
2 
.000 
  
Total .006 
2
3 
   
Cyanidin-3-(2
G
-
glucosylrutinoside
) (Food Matrix-
PG) 
Between 
Groups 
1785.814 
1
1 
162.347 19.947 
.00
0 
Within 
Groups 
97.667 
1
2 
8.139 
  
Total 1883.481 
2
3 
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Table C.1 (continued): Statistical analysis results of sour cherry samples. 
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Cyanidin-3-(2
G
-
glucosylrutinoside) 
(Food Matrix-IN) 
Between 
Groups 
2.164 11 .197 6.590 .001 
Within 
Groups 
.358 12 .030 
  
Total 2.522 23 
   
Cyanidin-3-(2
G
-
glucosylrutinoside) 
(Food Matrix-OUT) 
Between 
Groups 
10.187 11 .926 6.135 .002 
Within 
Groups 
1.811 12 .151 
  
Total 11.998 23 
   
Gallic Acid (Food 
Components-PG) 
Between 
Groups 
91.164 15 6.078 4.489 .002 
Within 
Groups 
21.662 16 1.354 
  
Total 112.827 31 
   
Gallic Acid (Food 
Components-IN) 
Between 
Groups 
43.355 15 2.890 5.358 .001 
Within 
Groups 
8.632 16 .539 
  
Total 51.987 31 
   
Gallic Acid (Food 
Components-OUT) 
Between 
Groups 
91.183 15 6.079 5.632 .001 
Within 
Groups 
17.270 16 1.079 
  
Total 108.453 31 
   
Neochlorogenic 
Acid (Food 
Components-PG) 
Between 
Groups 
1479.682 15 98.645 61.482 .000 
Within 
Groups 
25.671 16 1.604 
  
Total 1505.353 31 
   
Neochlorogenic 
Acid (Food 
Components-IN) 
Between 
Groups 
31.239 15 2.083 341.813 .000 
Within 
Groups 
.097 16 .006 
  
Total 31.337 31 
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Table C.1 (continued): Statistical analysis results of sour cherry samples. 
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Neochlorogenic 
Acid (Food 
Components-
OUT) 
Between 
Groups 
51.518 15 3.435 10.035 .000 
Within 
Groups 
5.476 16 .342 
  
Total 56.994 31 
   
Chlorogenic 
Acid (Food 
Components-
PG) 
Between 
Groups 
199.471 15 13.298 52.595 .000 
Within 
Groups 
4.045 16 .253 
  
Total 203.516 31 
   
Chlorogenic 
Acid (Food 
Components-
IN) 
Between 
Groups 
12.910 15 .861 49.442 .000 
Within 
Groups 
.279 16 .017 
  
Total 13.188 31 
   
Chlorogenic 
Acid (Food 
Components-
OUT) 
Between 
Groups 
18.051 15 1.203 14.359 .000 
Within 
Groups 
1.341 16 .084 
  
Total 19.392 31 
   
Rutin (Food 
Components-
PG) 
Between 
Groups 
859.976 15 57.332 19.345 .000 
Within 
Groups 
47.419 16 2.964 
  
Total 907.395 31 
   
Rutin (Food 
Components-
IN) 
Between 
Groups 
.348 15 .023 40.422 .000 
Within 
Groups 
.009 16 .001 
  
Total .357 31 
   
Rutin (Food 
Components-
OUT) 
Between 
Groups 
21.978 15 1.465 48.606 .000 
Within 
Groups 
.482 16 .030 
  
Total 22.461 31 
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Table C.1 (continued): Statistical analysis results of sour cherry samples. 
  Sum of 
Squares 
df Mean 
Square 
F Sig. 
Cyanidin-3-O- 
glucoside (Food 
Component-PG) 
Between 
Groups 
90.558 15 6.037 14.592 .000 
Within 
Groups 
6.620 16 .414 
  
Total 97.178 31 
   
Cyanidin-3-O- 
glucoside (Food 
Component-IN) 
Between 
Groups 
.348 15 .023 40.422 .000 
Within 
Groups 
.009 16 .001 
  
Total .357 31 
   
Cyanidin-3-O- 
glucoside (Food 
Component-OUT) 
Between 
Groups 
14.949 15 .997 3.674 .007 
Within 
Groups 
4.340 16 .271 
  
Total 19.289 31 
   
Cyanidin-3-(2
G
-
glucosylrutinoside) 
(Food Component-
PG) 
Between 
Groups 
89.012 15 5.934 4.678 .002 
Within 
Groups 
20.296 16 1.268 
  
Total 109.307 31 
   
Cyanidin-3-(2
G
-
glucosylrutinoside) 
(Food Component-
IN) 
Between 
Groups 
41.913 15 2.794 34.383 .000 
Within 
Groups 
1.300 16 .081 
  
Total 43.213 31 
   
Cyanidin-3-(2
G
-
glucosylrutinoside) 
(Food Component-
OUT) 
Between 
Groups 
93.458 15 6.231 5.812 .001 
Within 
Groups 
17.152 16 1.072 
  
Total 110.610 31 
   
Gallic Acid 
(Food Matrix-PG) 
Between 
Groups 
1788.730 11 162.612 19.945 .000 
Within 
Groups 
97.836 12 8.153 
  
Total 1886.566 23 
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Table C.1 (continued): Statistical analysis results of sour cherry samples. 
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Gallic Acid 
(Food Matrix-IN) 
Between 
Groups 
2.164 11 .197 6.590 .001 
Within 
Groups 
.358 12 .030 
  
Total 2.522 23 
   
Gallic Acid 
(Food Matrix-
OUT) 
Between 
Groups 
9.864 11 .897 6.316 .002 
Within 
Groups 
1.704 12 .142 
  
Total 11.567 23 
   
Neochlorogenic 
Acid 
(Food Matrix-PG) 
Between 
Groups 
9.864 11 .897 6.316 .002 
Within 
Groups 
1.704 12 .142 
  
Total 11.567 23 
   
Neochlorogenic 
Acid 
(Food Matrix-IN) 
Between 
Groups 
.066 11 .006 2.686 .052 
Within 
Groups 
.027 12 .002 
  
Total .093 23 
   
Neochlorogenic 
Acid 
(Food Matrix-
OUT) 
Between 
Groups 
7.771 11 .706 34.616 .000 
Within 
Groups 
.245 12 .020 
  
Total 8.016 23 
   
Chlorogenic Acid 
(Food Matrix-PG) 
Between 
Groups 
473.454 11 43.041 26.817 .000 
Within 
Groups 
19.260 12 1.605 
  
Total 492.714 23 
   
Chlorogenic Acid 
(Food Matrix-IN) 
Between 
Groups 
.546 11 .050 1.192 .382 
Within 
Groups 
.500 12 .042 
  
Total 1.046 23 
   
Chlorogenic Acid 
(Food Matrix-
OUT) 
Between 
Groups 
47.550 11 4.323 76.052 .000 
Within 
Groups 
.682 12 .057 
  
Total 48.233 23 
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Table C.1 (continued): Statistical analysis results of sour cherry samples. 
 Sum of 
Squares 
df Mean 
Square 
F Sig. 
Rutin  
(Food 
Matrix-PG) 
Between 
Groups 
1663.439 11 151.222 17.029 .000 
Within 
Groups 
106.561 12 8.880 
  
Total 1770.000 23 
   
Rutin  
(Food 
Matrix-IN) 
Between 
Groups 
.119 11 .011 1.856 .151 
Within 
Groups 
.070 12 .006 
  
Total .188 23 
   
Rutin  
(Food 
Matrix-
OUT) 
Between 
Groups 
31.327 11 2.848 19.395 .000 
Within 
Groups 
1.762 12 .147 
  
Total 33.089 23 
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